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Introduction 

INTRODUCTION 

Becoming a good Bonanza pilot involves the acquisition of two distinct 
sorts of abilities. First, the pilot has to develop the skill to get the airplane to 
do what he or she wants. Second, the pilot must acquire sufficient aeronaut
ical knowledge to want the airplane to do the right things in the first place. 

The first type of ability involves physical dexterity and hand-eye coordi
nation. At this stage we get a "feel" for the airplane, we develop enough 
finesse with the controls for smooth, coordinated approaches and landings. 
The Bonanza is well enough designed that these sorts of operations are, 
with practice, soon done gracefully by any pilot of average ability. Years of 
Bonanza experience might instil in us a feeling for the characteristics and 
rhythms of the airplane that no book could pass on, but even this level of 
"feel" is but a small part of what it takes to become a good Bonanza pilot. 

The second type of ability, that of knowing what the airplane ought to be 
made to do in any situation, is not learned even from years of routine experi
ence in the airplane. Instead, it is primarily learned by hours of quiet study 
at home. For instance, one may have legendary skill with the yoke and yet 
be at a total loss when it comes to picking the speed for maximum range in 
a low fuel emergency or deciding on the proper weight- adjusted speed for 
rough air penetration. These operations have nothing to do with "feel," 
finesse, or coordination, and they are not outlined in so many words in the 
Flight Manual. Knowledge of the proper speeds comes from careful study 
of aerodynamic theory and application of the results to the specific 
airplane. That means it takes some bookwork and some systematic explora
tion of the Bonanza's flight characteristics to become a good Bonanza pilot. 
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This book is designed to help. 
It is my opinion that the safety of the Bonanza pilot is directly propor

tional to his willingness to make a science of his flying strategy, his willing
ness to make Bonanza pilot technique a sub-specialty, second only to his 
profession. But the problem one encounters, even if one is willing to do 
this, is that there is no readily available source book. It is true that there is 
more written on the Beech Bonanza than any other general aviation 
airplane, but amazingly, there is no book dedicated to exploring the 
Bonanza's flying characteristics. Larry Ball's Those Incomparable Bonan
zas (McConnick- Armstrong Company, Witchita, 1971) is an excellent 
book on Bonanza history and model variations, and it should be on every 
Bonanza pilot's shelf. Norm Colvin's Colvin's Clinic (McCormick
Annstrong, Witchita, 1984) puts years of Bonanza maintenance experience 
in the hands of every pilot and should be required reading. The Beech Flight 
Manual certainly has a lot to say about flying the Bonanza; but while it is 
quite comprehensive in its presentation of perfonnance data or check lists, 
it is altogether silent on a number of important operational items like short 
field takeoff technique, stall characteristics, maximum range speeds, and 
many other areas. Last, but by no means least, the Bonanza pilot is fortu
nate in having over one thousand pages of shared Bonanza experience pack
ed into the cumulative issues of the American Bonanza Society's Newslet
ter. These unique documents are a must~ have item for any serious Bonanza 
pilot. Where else can one get so many first hand accounts of diverse 
Bonanza phenomena like ditching, flying in ice, or mixture distribution 
patterns? But still, none of these books are dedicated SOlely to improving 
one's Bonanza flying skills. 

This book is intended to complement, not compete with, the other books 
just mentioned. There is nothing here, for example, on the model to model 
evolution of the Bonanza or on systems per se. This is a book on "stick and 
rudder" for the Bonanza. In fact it is very close in its intent to Wolfgang 
Langewiesche's classic Stick and Rudder in that it is not a comprehensive 
text on flying - there is nothing here on weather or navigation, for exam
ple - it is instead about the development of proper technique for handling 
an airplane. 

The present book asks a lot of the reader. He or she is expected to follow 
the logic of some classical aerodynamic derivations, perhaps doing some 
algebra in the margins, or even some calculus in the optional appendices. 
And in addition, numerous flight experiments are suggested, each one de
signed to reveal some important characteristic of the Bonanza. For in
stance, every pilot knows that getting maximum miles per gallon from the 
remaining fuel sometimes becomes the pilot's paramount objective. Most 
manuals, including the Bonanza manuals, don't offer a clue about how to 
do this. In this book we carefully examine the theory behind maximum 
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range flight and see that max range at any given weight occurs at a single in
dicated airspeed, which is valid for all altitudes. This speed maximizes the 
lift/drag ratio and is called V UDma,. We then outline a simple in-flight exper
iment which will reveal V UDma, for your Bonanza. We further show 
theoretically how to adjust this target airspeed for variations in weight or 
headwind. 

Some may feel that all this is too theoretical and technical, but it is my 
feeling that safe flying demands knowledge of and respect for certain fun
damental facts from aerodynamics. And it is my belief that Bonanza pilots 
recognize the truth of this and would be willing to do the requisite home
work if only they would be offered some guidance. In fact that is the sole 
purpose of this book. 

So no apology is offered for the difficulty of some sections of this book. 
I have made an effort to hold the technical-mathematical content to a 
minimum, but if there is an important fact (like the propositions regarding 
Va or V UDma,) that can't be understood any other way, then I have no hesita
tion about leading the reader into (and hopefully out of) whatever technical
mathematical thicket is necessary for a reasonably full understanding. 

Consider this: The U.S. Navy uses the T34C as its basic trainer. With 
some oversimplification, this is essentially a 4,300 pound Bonanza with a 
Pratt & Whitney PT6 turbine engine. Most general aviation pilots would 
think oftheT34C as a fairly "hot" airplane, rather than a trainer. Yet the typ
ical Navy pilot will solo a T34C after only 26 hours dual. How is it that the 
Navy succeeds in starting its pilots in such an advanced airplane? A part of 
the answer is that before the Navy Cadet ever sets foot in the "Bonanza," he 
must complete an intensive 14 week ground school including, among other 
things, a fairly sophisticated Course in aerodynamics. Even a cursory look 
through their text, Aerodynamics for Naval Aviators, shows that the Navy 
expects more aerodynamic understanding from its pre-solo cadets than the 
FAA requires of a flight instructor or even an Airline Transport Pilot appli
cant. And this was true even during the Second World War, when the Navy 
was trying to tum pilots out "in a hunry." Apparently the Navy feels that a 
thorough grounding in aerodynamics is a sine qua non for a competent av
iator. The surprising thing is that anyone else should think otherwise. 

The layout of the book is as foHows: In Part I we begin by exploring some 
facts about the external characteristics of the various basic Bonanza types, 
i.e., 35-B35, C35-V35B, 33-033, 36- A36, B36TC. Included is a fairly 
careful analysis of the NACA 23,000 series airfoil, which all Bonanzas use. 
What we are looking for are design features with important operational im
plications. There is a fairly exhaustive discussion of the Bonanza man
euver-gust envelope, with much space given to the detennination of 
weight-adjustments for Va' The Chapter on handling qualities is concerned 
primarily with stability characteristics, stick forces in various regimes, sta1! 
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qualities, and trim effects. We give a particularly thorough examination of 
lateral (spiral) stability. Finally, we include a chapter on aerodynamics of 
the V-tail, since most other sources available to the Bonanza pilot have 
barely any mention of the V- tail. 

In Part II, we have a chapter given to each of the basic phases of flight, in
cluding a full chapter on instrument operations "by the numbers." We give 
particular attention to items which are not well covered in the Beech manu
als, such as use of flaps on takeoff, leaning by EGT, and use of various 
speeds for enroute climb. 

Part III is a fairly methodical treatment of weight and balance issues for 
Bonanzas. In the chapter on weight, we go through the various fonnulae for 
predicting perfonnance changes with weight. There is a separate chapter on 
the theoretical implications of cg, including stick force changes in Bonan
zas and stall/spin recovery differences for fore and aft cg's. Finally, we have 
a chapter covering the major loading issues for the various models. 

The section on emergencies focuses primarily on problems not covered 
in the flight manuals. If the engine catches fire in flight, follow the Beech 
check list in the Emergency Procedures section. I have nothing material to 
add to that. But there is much to be said here about developing a strategy for 
maintaining control in turbulence. For instance, what speeds and configura
tions work best? We also look into the theory and practice of flying for 
maximum range and the detennination of the minimum safe altitude to turn 
back in the event of an engine failure on takeoff. Some occasionally fatal 
non-emergencies, like a door latch failure, are also covered. 

The postscript gives a final wrap up on Bonanza speeds. There is a proper 
speed for every operation, and it is my contention that fifty percent of safe 
Bonanza technique consists of knowing the speeds and being able to 
smoothly configure the airplane to achieve those speeds. Some final hints 
are offered. 

This project has benefited substantially from the help and suggestions of 
many people. Foremost are my fellow American Bonanza Society Pilot Pro
ficiency Program flight and ground instructors-Sam James, Ken Pearce, 
John Howard, Bill Hale, and MacKenzie Patterson. I have learned more 
about Bonanzas over lunch with this group than I have learned from all 
prior sOurces combined. Thanks are also due to: Cliff Sones, Administrator 
of the American Bonanza Society; Frank Ross, former ABS President; Ottis 
Cameron of Aleor; Continental Motors; Bruce Augustus; Al Strickfadin; 
Karen Kister; Russ Campbell; John Frank; Randy Smith; Laura Moretti; 
and Walter L. Eckalbar, Jr., my father and flight data recorder. 

Two important caveats are in order before we get to the text. First, this 
book reports on many inflight experiments having to do with airspeeds, 
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power settings, climb rates, etc. These results were gathered from flying a 
very large sample of typical Bonanzas from the fleet. And though our re
sults are no doubt reasonably accurate for the representative Bonanza, we 
cannot claim perfect accuracy in all applications. There are several reasons 
for this, but most important is the fact that no two Bonanzas are exactly 
alike. They differ in propeller blade efficiency, actual engine power output, 
rigging, and external aerodynamic modifications such as gap seals and tip 
tanks, etc. So what is true for one Bonanza's performance need not be 
exactly true for all others. In addition, all of our results were obtained in air
craft with standard factory installed engine and pitot-static instrumenta
tion, which is subject to error. If this book suggests that the airplane be 
flown at any speed or maneuvered in any way which is outside the range of 
experience of the reader, I strongly urge him or her to experiment first at a 
safe altitude with an experienced Bonanza instructor on board. The ABS 
office in Wichita keeps a roster of qualified instructors. 

The second caveat is this: There is nothing in this book, either on or be
tween the lines, which advocates operating the Bonanza contrary to the 
limitations printed in the Pilot's Operating Handbook and FAA approved 
Airplane Flight Manual. I hope the reader finds this book a useful supple
ment to the POH, but it is in no way intended to be a substitute. 

IMPORTANT: V-tail pilots should refer to tile Addendum on page 165. 
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CHAPTER 1 

THE BONANZNS EXTERNAL 
CHARACTERISTICS 

In this chapter we are concerned with some of the essential external fea
tures of the Bonanza. We are not interested in the evolution of cosmetic de
tails such as window sizes or tail cone shapes, instead we focus here only on 
those external features which have some fundamental aerodynamic impor
tance. Specifically, we consider the wing, the tail, the manner in which the 
model 36 was "stretched," etc. 

WINGS 

All models prior to the B36TC have had the same wing. It is derived 
from the NACA 23000 series airfoil-specifically, a 23016.5 at the wing 
root and a 23012 at the tip. Both airfoils have their maximum camber lo
cated 15 percent of chord aft of the leading edge. The 23016.5 has a thick
ness equal to 16.5 percent of the chord, and the 23012 is thinner with a 
thickness of 12 percent of chord. The airfoil was developed in the mid 
1930's and has been a favorite of designers ever since. It was in fact chosen 
for the Piper Malibu. The popularity of the airfoil derives from the fact that 
it has relatively high lift and low drag together with a low pitching moment 
coefficient. 
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FIGUREl 

The 23000 series airfoil also has a rather abrupt drop in lift coefficient as 
the stalling angle of attack is reached. Figure l.l compares the coefficient 
of lift versus angle of attack curves for the NACA 230 12 and NACA 65 2-415 
airfoils. The latter is used on the Piper Cherokee, an airplane noted for its 
gentle stall. Notice that when the stalling angle of attack is reached on the 
23012 airfoil, lift falls precipitously, whereas lift drops gradually after the 
stall on the 65,-415 airfoil. The chapter on handling qualities will have 
more to say on this point. 

The wing incidence is four degrees at the root and one degree at the tip. 
This is called "wash-out" and is a standard design technique used to insure 
that the stall progresses from the root to the tip, with some aileron effective
ness and some stabilizing lift at the tips early in the stall progression. 

The wing tips have changed over the years, the first significant change 
being the squared tips of the M35 and later Bonanzas. These added a little 
more than seven inches to the wing span and 3.3 square feet to the wing 
area. 

Internal structure and wing skin thickness have also changed over the 
years, but it is only the external features of the wing that interest us here. 

The wing of the B36TC has two significant differences from earlier 
Bonanzas. First, its span is longer by four feet four inches, giving it a great
er wing area and higher aspect ratio. This improves climb and high altitude 
performance generally. Second, it has dual vortex generators (triangular 
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wedges) on the leading edges of the wings. The story behind the vortex 
generators is told by Beech engineer Dennis Crider in "Development of 
Wing Leading Edge Vortex Generators for a Single Engine General Avia
tion Airplane" (SAETechnical Paper Series, no. 830770). Briefly, the pro
totype B36TC did not meet the spin recovery criterion for certification, 
since it took more than one additional turn to recover from a one turn spin. 
Beech tried a number of aerodynamic modifications to cure the problem, 
including ventral fins, nose strakes, and blade-type vortex generators 
mounted on the fuselage ahead of the wing root. In the end, Beech elected 
to use the dual wing vortex generators together with an increase in elevator 
down-travel (to help reduce angle of attack more quickly in stall-spin recov
ery). According to Crider, the theory behind the vortex generator is that 
"the vortex produced by the junction isolate(s) the air flow over the wing 
outboard of the vortex, thus allowing the isolated panel to remain flying to 
a higher than normal angle of attack." (p. 2) The effect is to preserve lift at 
the wing tips and dampen roll when the inboard wing is stalled. The same 
vortex generators are now also placed on the A36 and F33C. 

We will have more to say about lift and the Bonanza wing in the chapters 
on Center of Gravity and Stability and the Maneuver-Gust Envelope. 

TAILS 

Of course, the most obvious external difference between Bonanza mod
els is the tails. There are three basic designs. The original V-tail on the 
Straight 35 to B35 had a dihedral angle of 30 degrees, a chord at the root of 
about 42 inches, and a chord at the tip of about 31 112 inches. All Bonanza 
ruddervators and horizontal stabilizers have about the same span--68 in
ches. Starting with the C35, all subsequent V-tails had a dihedral of 33 de
grees and root and tip chords of about 50 112 and 35 112 inches, respec
tively. The horizontal tail of the 33 and 36 series Bonanzas is very similar in 
its external dimensions to the original small V-tail. The vertical tail of the 33 
and 36 series Bonanzas has an area of about 15.3 square feet. 

Geometrically, though perhaps not aerodynamically, the V-tails can be 
"projected" to give their vertical and horizontal "equivalent areas." This 
means, for instance, that if we placed an old V-tail directly below a distant 
light source and traced the tail's shadow on a horizontal plane, we could 
measure the horizontal component of the V-tail. The area of this shadow 
would be'the "equivalent horizontal tail area." Similarly, a light from the 
side would cast a shadow on a vertical plane (paralleling the longitudinal 
axis), and the area of this shadow would be half the "equivalent vertical tail 
area." (It is half, since there are two tail members.) 
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Table I gives the data for the various tails. 

Horizontal Tail 
Vertical Tail 

Table 1 
Equivalent Areas 

Old V-Tail 
31.9 
18.4 

New V-Tail 
36.4 
23.6 

Areas are approximate and measured in squarefeet. 

Conventional Tail 
38.0 
15.3 

Measurements were obtained by the author with rather casual use of a tape 
measure, and are only roughly accurate. Several patterns are apparent: 
First, the new V-tail and the conventional tail Bonanzas have roughly equal 
horizontal tail areas, and this is in accord with their very similar pitch stabil
ity characteristics. Second, the new V-tail has quite a bit more "vertical tail 
area" than the old V-tail, and this translates directly into improved direc
tional stability. The new V-tail seems to dampen the Bonanza's yaw oscilla
tions about 30 percent faster than the old V-tail. More will be said about this 
in the chapter on handling qualities. Third, the conventional tail has less 
(equivalent) vertical tail than either of the V-tails, but the design is inhe
rently more effective, so no direct yaw stability implications can be made. 
Fourth, the wetted area (i.e., exposed surface area) of the conventional tail 
is about 102 square feet, compared with about 81 square feet for the larger 
V-tail. The result is that the wetted area of the 33 series Bonanza is about 3 
percent higher than that of the 35 series-about 640 vs. 620 square feet. By 
comparison, we estimate the wetted area of the A36 to be about 655 square 
feet. As we shall see shortly, drag depends in part on total wetted area. 

THE A36 STRETCH 

The A36 is ten inches longer than the F33A. The forward fuselages are 
identical, but the aft fuselage of the A36 is stretched. This longer fuselage is 
then located over the wing in such a way that all of the extra length lies 
ahead of the wing. That is, the propeller is ten inches further from the 
wing's leading edge on the A36 than on the F33A. And the distance from 
the trailing edge of the wing to the leading edge of the tail is the same for the 
A36 and F33A. 

This mode of stretching the fuselage and relocating the wing has several 
implications. First, the center of gravity of the empty A36 is further forward 
(in relation to the wing) than that of the F33A. A comparison of the basic 
empty cg's of the two airplanes in the sample problems in the Beech Hand-
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books shows thecg of the A36 is 3.6 inches ahead of the F33A's, where both 
are measured in relation to the wing. This has important implications for 
weight and balance control, and these are taken up in a later chapter. Sec
ond, the length of the wheelbase of the A36 is ten inches longer than that of 
the F33A. This gives some improvement in stability on the ground, but is 
hardly noticeable in view of the F33A's already good manners. Third, since 
the pilot sits ten inches further forward over the wing on the A36, the view 
down is less obstructed. The difference is enough to notice and is a worth
while improvement in its own right. 

DECK ANGLE ON THE GROUND 

As a Bonanza sits on the ground, the nose is pitched up approximately 
3.5 to 4.5 degrees, i.e., the angle between the longitudinal axis and the 
ground is 3.5 to 4.5 degrees. The lesser figure is for the A36 and the higher 
figure for the V- tailed Bonanzas. Both figures will be somewhat higher 
when the aircraft is loaded aft and the nose gear shock strut is extended. 

This has several implications. First, unlike some airplanes which sit on 
the runway in a nose-low attitude, the Bonanza will fly itself off from a 
three point attitude on takeoff. This, however, is not the recommended pro
cedure, as we will see in the chapter on takeoffs. Second, the pilot should 
never set the airplane symbol in the gyro horizon at zero (i.e., on the hori
zon) while the airplane is on the ground. The airplane symbol should be 
"zeroed" only in level cruise flight. This is particularly important if the pilot 
flies "by the numbers." For instance, the pilot may habitually pitch the nose 
up ten degrees for the initial climb. But if the horizon is set at zero on the 
ground when the airplane is actually five degrees nose up, then when the 
pilot pitches the airplane to an indicated ten degrees nose up, it will actually 
be fifteen degrees nose up--and this is potentially dangerous. 

OVERALL SKIN FRICTION COEFFICIENT 

Most pilots appreciate that the Bonanza has an aerodynamically clean de
sign, but it is interesting to see objectively just how clean the airplane is. 
Table 2 lists the overall skin friction coefficients for a variety of aircraft. 
The skin friction coefficient is a function of the shape of the object, its 
smoothness of surface finish, the existence of handles, steps, and gaps 
along doors, windows, flaps, gear wells, etc. How clean is a Bonanza? 
About midway between a P-38 and a Lear 25. 
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When the skin friction coefficient is multiplied by the total wetted area of 
the airplane, one obtains the "equivalent flat plate area" or "parasite area" 
of the airplane. Darrol Stinton estimates the wetted area of the V-tail 
Bonanza to be about 620 square feet, so the equivalent flat plate area is just 
over 3 square feet-a square with sides of less than 21 inches (The Design 
a/the Airplane, p. 213). 

Airplane 
Cessna 150 
PA-28 
PA-28R 
P-40 
P38 
V35 
Learjet 25 
P-5IF 
F-104 

Table 2 

Skin Friction Coefficient 
0.0100 
0.0095 
0.0067 
0.0060 
0.0054 
0.0049 
0.0042 
0.0038 
0.0032 

(Source: Barnes W. McCormick,Aerodynamics, Aeronautics (lnd Flight Mechanics, p. 198.) 
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CHAPTER 2 

HANDLING QUALITIES 
This chapter reports on several in-flight experiments aimed at revealing 

something useful about the Bonanza's handling characteristics. We 
examine stick forces, stall characteristics, spirals, yaw stability, and sev
eral other areas. 

STICK FORCES AND TRIM WITH GEAR, FLAP, 
AND POWER CHANGES 

In this section we discuss some experiments conducted in anA36 involv
ing changes in gear, flap, and power settings. We begin with the flaps. 

We reduce power to idle, extend the landing gear, and trim for 90 mph 
with the flaps up. The flaps are then extended, while we use one hand on the 
yoke and no trim change to maintain airspeed at 90 mph. CAR (Civil Air 
Regulation) 3.13101, under which the Bonanza was certificated, requires 
that this be possible without "the exertion of more control force than can be 
readily applied with one hand for a short period." The A36 passes with fly
ing colors-the stick force is zero. The sink rate, incidently, stabilized at 
800 feet per minute. Had we made an effort to reduce airspeed in proportion 
to the declining stall speed, the required aft stick force would still be quite 
light. 
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If we reverse the above exercise, starting with flaps out and then retract 
them, again we find only negligible stick forces required to hold airspeed. 

The effect of power on stick force and trim is checked as follows: (CAR 
3.13101(b)(l» With power at idle, flaps retracted, gear extended, and 
trimmed for 90 mph, we add full power and use one hand to maintain 
airspeed. A fair amount of forward pressure on the yoke is required, but, 
subjectively, it feels as if a pilot of average strength could easily manage the 
force. Checking the trim required, we note that the exercise starts with 
+ 14.5 degree trim, and if we trim the force out it requires a setting of 
+ 10.5 degrees trim. If we repeat the above exercise with flaps down the re
quired push feels about the same. 

The controllability regulations also require that one be able to trim for 
1.4Vs l> and then be able to push the yoke to obtain 1.7VS!' and pull for 1.1 
Vs !. We used a trim speed of90 mph and found it took a firm but easily man
aged push for 110 mph and pull for 70 mph. 

CAR 3.13102 says: "It shall be possible ... to maintain essentially level 
flight when flap retraction from any position is initiated during steady hori
zontal flight at 1.1 VS! with simultaneous application of not more than 
maximum continuous power. "We ran this drill at 70 mph and found very lit
tle stick force or power change required to hold altitude and airspeed. 

We checked the A36's manners in the go-around by reducing power to 
idle, extending gear and flaps, and trimming for the recommended 85 mph. 
Adding full power with the yoke free, caused airspeed to drop from 85 to 78 
mph. Holding airspeed required only a moderate push. Trying the same 
exercise in a straight 35, we trim for 75 mph and see airspeed drop to 62 
mph with the power increase. Again the stick forces are easily managed. 

STALLS 

Since all Bonanzas (except the late model A36, F33C, and B36TC) have 
essentially the same wing, the stall characteristics are quite similar from 
one model to the next. 

With the flaps and gear up, a slow deceleration with wings level and low 
power gives a very gentle stall. The stall is preceeded by ample 
aerodynamic warning in the form of buffetting from the tail and slight bob
bing up and down of the nose. At the stall the nose comes down more or less 
straight ahead, i.e., there is no serious wing drop. With the yoke held all the 
way back, the airplane is marginally controllable with ailerons alone, but 
fully controllable with ruddervators. 

The story is much the same with flaps up but landing gear extended, 
though the indicated airspeed at the stall is lower by about four mph. It is 
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hard to say exactly why this occurs. It may be that the hole left on the wing 
underside by the outboard gear doors does something to raise the wing's 
maximum coefficient of lift. Or it may be that the calibrated stall speeds are 
the same, and the reduction in indicated stall speed is simply due to greater 
pitot-static error when the gear is down. But it is impossible to say, since the 
Beech Handbook does not offer calibration information for gear position 
changes. 

When the flaps go down, even only 20 degrees down, the Bonanza's stall 
characteristics change markedly. With flaps down, with or without the land
ing gear out, there is very little aerodynamic warning in advance of the 
stall. There is an abrupt pitch-down and generally a left wing drop at the 
stall, even if the stall is entered with very slow deceleration, wings level, 
and ball in the the center. If the stall is approach energetically, with a rapid 
deceleration and a bit of "zoom" upward, the airplane will react more en
thusiastically. A wing will drop abruptly and the nose will pitch down near 
45 degrees nose low as charts and other loose objects float through the 
cabin in zero to slightly negative g conditions. Indeed, we are seeing the be
ginning of a spin. But prompt rudder opposite the rotation and forward 
movement of the yoke will get the airplane flying again very quickly. 

The newer Bonanzas equipped with the dual vortex generators on the 
wing leading edges have much improved stall characteristics. For instance, 
it is possible in these models to hold the yoke fully aft in a stall and keep the 
wings level with rudder input only-even with the gear and flaps extended. 
The nose bobs up and down as if the airplane had a canard, but it is fully 
controllable directionally. See the chapter on external characteristics for a 
theoretical rationale for this fact. 

Accelerated stalls have a feel all their own. With the airplane clean and 
trimmed for level flight at 100 mph, we roll into a 45 degree bank and 
slowly pull back on the yoke. The g load factor increases as our cheeks sag 
and we sink into our seats. But well in advance of the stall we begin to feel 
a very distinct "pounding" from the tail. The frequency is about four 
"beats" per second. It makes no difference whether the airplane is a V-tail or 
a straight tail, one always gets this same distinctive pre-accelerated stall 
buffet. 

SPIRAL STABILITY 

If the pilot or autopilot stops working at keeping the wings level, the 
Bonanza will drop a wing and enter a spiral. It does not seem to matter 
much whether the Bonanza is a 33, 35, or 36, the sequence of events is 
much the same. As an eye opening exercise, the reader might try the follow
mg. 



10 Flying The Beech Bonanza 

Trim the airplane for level flight, clean, at 100 mph, then let go of the 
yoke and take your feet off the rudder pedals. At SOme point a gust or a 
slight fuel imbalance will lower one wing. Even if the initial bank angle is 
slight, the airplane's lateral stability is too weak to raise the wing. Instead, 
the wing will continue to drop, and as it does, the nose will drop and 
airspeed will begin to build. Bank angle, pitch down, and airspeed will all 
increase as the load factor (g load) increases and the spiral tightens. There is 
no noticeable tendency for this process to stabilize at any moderate bank 
angle or airspeed. (If you try this exercise and your airplane stabilizes, re
peat the procedure with the other wing down. It is likely that the airplane 
stabilized because it initially fell toward the lighter wing.) 

When the speed increases to V., the maneuvering speed, or when 60 de
grees of bank is reached, whichever comes first, roll the wings level with 
the yoke and then take your hands off the controls. The airplane is now 
traveling at perhaps 150 mph lAS, with the nose down five or more de
grees, but it is trimmed for 100 mph. It is as if you had pushed the nose 
down to get 150 mph and then simply let go. The airplane's strong longitud
inal stability will cause it to try to regain its 100 mph trim speed, and in the 
process the down-load on the tail induced by the trim tab will cause the 
airplane to pitch up. As the nose rises the g load factor will go up to about 
+ 2.2 g's, the airspeed will drop from 150 through 100 to as low as 60 or70 
mph, and the pitch attitude will rise to 15 to 20 degrees nose up as the 
airplane overshoots in its correction back to level flight at 100 mph. 

The reason we suggest starting this maneuver at 100 mph is that if we had 
started at cruise speed and rolled level with the airspeed deep into the yel
low arc, the resulting g load factor would be substantially greater. Nine out 
of ten pilots who try this exercise in VFR conditions will find themselves 
pushing on the yoke after the roll-out. This is natural, since the pilot should 
push to solve both the pitch-up and load factor problems. The pilot is just 
fighting to moderate the force from the trim tab, which is, in a sense, al
ready pulling on the yoke. But it is worth pondering how the average pilot 
would react in instrument conditions with the airspeed rapidly approaching 
red line. If the pilot reacts by leveling the wings and pulling back on the 
yoke ("to cure the airspeed problem"), he just makes the pitch up and g load 
factor problems that much worse. Though I have never tried it, it is proba
bly relatively easy to loop and/or overstress the airplane with a pullback on 
the yoke in a recovery from a deep spiral. 

There are two lessons. First, one has to be vigilant about keeping the 
wings level in a Bonanza, the airplane won't do it by itself. Second, a prop
er spiral recovery calls for reducing power, leveling the wings, and pushing 
on the yoke. One should push to relieve the g load factor, but not so hard as 
to prevent the airspeed from slowly declining. The idea is to get back to 
cruise speed slowly and not to overstress the airplane in the process. 
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DIRECTIONAL STABILITY 

All Bonanzas, 33's, 35's, and 36's, exhibit yaw oscillations in turbu
lence. This means that a momentary gust from the side will cause the nose 
to swing back and forth horizontally. There is some rolling motion as
sociated with the yaw, making the true reaction a Dutch roll. In general, V
tails are worse than straight tails, and the old small V-tails are the worst of 
the lot-but all Bonanzas have this Dutch roll characteristic to some extent. 

The following informal flight check has been done by the author in a vari
ety of Bonanzas: The airplane is in level flight at 120 mph lAS. With the 
yoke held fixed, a rudder, say the right rudder, is pressed until heading 
changes ten degrees. The rudder is then abruptly released. The nose will 
then swing left back through the original heading, overshooting by four to 
eight degrees, and then swing right, again past the original heading, to a 
maximum angle of two to five degrees. Then left again, and so on until the 
oscillation damps down. 

In the A36, this damping takes place in about four oscillations, where the 
straight 35 takes about eight. By this we mean that the oscillations are 
barely perceptible on the DO after four or eight swings respectively. If one 
were to try this same exercise in virtually any single engine Cessna, the re
sult would be quite different. A Cessna will simply slide back to its original 
heading with no significant oscillation. 

AILERON·RUDDER INTERCONNECT 

All of the Bonanza models have a bungee connecting the aileron and rud
der (or ruddervator) control cables. You can check this on the ground by not
ing that when the right rudder pedal is depressed, the yoke turns clockwise, 
as if in a right turn, and the right aileron rises while the left aileron drops. 
Similarly, a clockwise twist on the yoke will deflect the rudder to the right. 

This interconnect has several implications in flight. First, with a gentle 
entry to a shallow turn, very little rudder pedal input is needed for coordina
tion. This is the "cruise-with-your-feet-on-the-floor" feature we used to 
hear so much about. Second, one can just as easily make gentle turns with 
rudder pedal input only and still stay nearly coordinated. This would be the 
"cruise-with-your-hands-in-your-Iap" feature, and it is actually quite useful 
in certain circumstances. For instance, Beech used to recommend that non
instrument rated pilots slow to 100 mph, drop the gear, and fly with their 
feet only-and the technique works very well to alleviate overcontrolling. 
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In its "An Evaluation of the Handling Qualities of Seven General Avia
tion Aircraft" (Barber, Jones, Sisk, and Haise, NASA TN 0-3726), NASA 
test pilots criticized the Bonanza's interconnect system, saying, "If the pilot 
holds in rudder to overcome torque or crosswind effects (on takeoff), the in
terconnect introduces an aileron control force that the pilot must anticipate 
and correct for to prevent the aircraft from rolling off in bank angle as it 
breaks ground" (p. 14). Though the point is well taken, my experience is 
that this actually does not cause much of a problem. Perhaps it is something 
that experience teaches the owner to subconsciously correct for. 

ADVERSE YAW 

Adverse yaw exists when, for instance, an input of aileron for a left turn 
causes the nose of the airplane to yaw to the right. The reason aircraft are 
susceptible to this is that the down-going aileron creates both lift and in
duced drag on the upcoming wing. Of course, the upcoming wing is on the 
outside of the turn, so the extra drag outboard on that wing causes the nose 
to yaw away from the desired turn direction, To coordinate the airplane, the 
pilot has to overcome adverse yaw with rudder into the turn. But the more 
prone the airplane is to adverse yaw, the greater is the amount of pilot effort 
required to maintain coordination. Other things being equal, a plane with 
substantial adverse yaw will be harder to set on a precise heading. 

One can make a casual check of adverse yaw by putting pressure on both 
rudder pedals, to fix the rudder position, and then abruptly deflecting the 
ailerons noting the swing in the nose by outside references or by the OG, 
Some aircraft are much worse in this regard than others. The Cessna 207, 
for instance, suffers from ten or more degrees of adverse yaw. The A36 at 90 
mph seems to yaw about six degrees out of the turn with rudders fixed-and 
only slightly less with rudder free and the aileron- rudder interconnect al
lowed to work. According to NASA test pilots (TN 0-3726, p. 11), adverse 
yaw of less than ten degrees (with maximum aileron deflection) is required 
for acceptable handling qualities, so the Bonanza does not have a serious 
problem in this regard. 



• 

Simple Aerodynamics of the V-tail 

CHAPTER 3 

SIMPLE AERODYNAMICS 
OF THE V-TAIL 

13 

The following chapter gives an account of how a V-tail can accomplish 
what a conventional tail does. The treatment is highly simplified, abstract
ing completely from the following complications: (i) We ignore any effects 
due to the proximity of the members of the V-tail. (ii) We leave aside any 
considerations of the propwash. (iii) We don't consider the difference in in
cidence of the stabilizers. Finally, we are interested here only in the effects 
of pilot inputs, not gust response. 

ELEVATOR INPUTS 

Figures 3.1 A and 3.1 B show control surface movements and tail forces 
for conventional and V-tails respectively in response to a pull on the yoke. 
Dashed lines represent the fixed stabilizers and solid lines represent the 
movable control surfaces. The view is from the rear. 

With a conventional tail, only the elevators move. Their up-travel accel
erates the air on the underside of the horizontal tail, reducing the pressure 
there and raising the pressure above the tail. The result is a down force from 
the tail. This is shown in Figure 3.1 A by the force vector labeled S = E to de
note that the sum of the forces (S) comes exclusively from the elevator (E). 
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When a V-tail Bonanza pilot pulls on the yoke, both ruddervators deflect 
upward, as shown in Figure 3.1 B. This causes the left tail member to pull 
down and left and the right member to pull down and right. The sum of the 
forces, S, is straight down, with the yaw effects from left and right rudder
vators (L and R) exactly canceling. A push on the yoke works similarly. 

RUDDER INPUTS 

Figures 3.2A and 3.2B show right rudder pedal inputs. In the conven
tional tail, the rudder moves to the right. This creates a low pressure area (or 
"lift") on the left side of the vertical tail, which draws the tail left or yaws 
the nose right about the airplane's center of gravity. The sum of the forces 
(S) is due to rudder (U) only. 

Right rudder pedal input in the V-tail will lower the right ruddervator and 
raise the left one. The effect is an up and left force from the right tail 
member and a down and left force from the left member. The sum (S) of the 
left and right tail forces (L and R) has the effect of pushing the tail left. 

COMBINED ELEVATOR-RUDDER INPUTS 

Figure 3.3Ashows control surface positions and tail forces for aconven
tional tail when the yoke is back and the right rudder is depressed. The 
elevator force (E) is taildown, and the rudder force (U) is tail-left. The sum 
of forces (S) is tail down and left or nose up and right. 

On the V-tail, the left ruddervator will be up, and the right ruddervator 
will either be up less than the left or perhaps even down depending upon 
the size of the yoke and rudder displacements. Thus, the sum of the forces 
is, as on the conventional tail, tail-down and left or nose up and right. 

The following facts from the Shop Manual for the V35B illustrate how 
the control mixer and ruddervator stops allow differential ruddervator dis
placement. With full up elevator and no rudder input, the left ruddervator 
will be 22 1/2 degrees up. With full right rudder and elevator neutral, the 
left ruddervator will be 23 degrees up. And with full up elevator and right 
rudder Simultaneously, the left ruddervator will be 44 degrees up. By con
trast, the elevator of the A36 is limited to 23 degrees up and 20 degrees 
down, while the rudder is limited to 25 degrees left or right. 
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CHAPTER 4 

THE MANEUVER-GUST ENVELOPE * 
When any airplane is designed and flight tested, it is given certain limits 

which the pilot is required to observe. In this chapter we will discuss two 
important limits - maximum indicated airspeed and maximum "g" load 
factor. These limits are conveniently presented in a diagram referred to as 
the "maneuver-gust envelope," "V-n diagram," or "V-g diagram." 

Though the discussion which follows is more technical than most of the 
rest of this book, the reader is asked to follow as carefully as possible, for it 
is a subject of the utmost importance, and it is one that is generally not well 
understood by private pilots. When an airplane comes apart in flight, it is 
very likely that the pilot has allowed it to get out of its envelope. If you go 
too fast, you may excite control surface flutter, which can tear the control 
surface from the airplane almost instantly. If you pull too many "g's," you 
can bend or break the airframe. We need knowledge to help us recognize the 
dangerous situations, and a strategy to help us avoid them. 

LIFT AND LOAD FACTOR 

We begin with a definition. The "load factor," "g loading," or "g's" is the 
ratio of lift to weight, as in equation (I). 

(I) g = LlW 
* IMPORTANT: V-tail pilots should refer to the Addendum on page 165. 
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In level unaccelerated flight, lift equals weight, and the load factor is equal 
to one. Since weight is a constant at any moment in flight, a change in the 
load factor would always be due to a change in lift. Let us consider lift in 
more detail. 

Lift is assumed to act at a right angle to the relative wind, as in Figure 4.1, 
and perpendicular to the airplane's lateral axis, as in Figure 4.2. 

) 
RELATIVE WIND 

LlFr 

LlFr 

FIGURE 4.1 

!\,VERTICAL 

I 
COMPONENT 
OF LlFr 

FIGURE 4.2 
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As every pilot knows, we feel some "g's," or equivalently, we increase 
the load factor when we perform a level turn. The greater the bank angle, 
the higher will be the load factor. The reason for this is obvious from Figure 
4.2. If we are to maintain altitude, the vertical component of lift (dashed 
line) must equal weight. But since lift is acting at an angle to vertical, total 
lift will exceed weight in a turn, and this is the source of the g loading. In a 
60° bank, for instance, L = 2W, so the g force is 2. 

Lift is measured in pounds, and the quantity of lift is given by equation 
(2). 

(2) L = CIY
2
S 

391 

where V is velocity in mph CAS, S is the wing area in square feet, and C .. is 
the coefficient of lift. 

CL varies with angle of attack (a.o.a.) in the manner shown in Figure 
4.3. Higher angles of attack produce higher values of CL (and, if V is con
stant, higher values of L and g) until the stalling angle of attack is reached, 
at about 16 degrees in the Bonanza. Any further increase in angle of attack 
past the stalling angle will actually reduce lift and g. The maximum value of 
C,- is called "CLmax ' H 

1.378 "" CLm", 

I. 148 

0.510 - - - - - (120mph) 

0.254 _ (170 mph) 

(190 mph) __ 0.203 

(225 mph) 0.145 

o 

FIGURE 4.3 
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(You can feel this in the seat of your pants when you practice accelerated 
stalls. Slow the airplane to about 90 mph, roll in about 60 degrees bank, and 
apply back pressure on the yoke. You will feel the g's build up, then a 
"thumping" from the tail in advance of the accelerated stall, and finally, 
with the stall itself, the perceived g force will abate.) 

We could also experience a load factor greater than one by abruptly pul
ling the nose up or flying into a vertical gust. Either event would produce an 
increase in a.o.a., CL , L, and g-load factor. But the maximum g load is li
mited by the fact that the airplane will experience an accelerated (high 
speed) stall as the critical angle of attack is reached. 

Another important implication of equation (2) is that in normal unaccel
erated flight, the CL and a.o.a. vary inversely with the square of the indi
cated airspeed. Specifically, if g = I and L = W = 3400 in an F33A with 
S = 181 square feet, substitution into equation (2) gives 

CL = 7345/y2 

This yields the following sample CL and Y pairs for one g flight. (The clean 
stall speed of the F33A is 73 mph CAS.) 

V 

73 
80 

120 
170 
190 
225 

CL 

1.378 
1.148 

0.510 
0.254 
0.203 
0.145 

These values are shown in Figure 4.3. Notice also that a.o.a. varies in
versely with the square of the calibrated airspeed in un accelerated (g = I) 
flight. 

It should be clear from Figure 4.3 that the faster we go, the greater is the 
maximum potential increase in g from an abrupt pull up. Cruising along at 
80 mph CAS, an abrupt pull on the yoke can only increase CL a little 
(twenty percent) before the stall sets in and limits CL and g. This means that 
we could only attain a g-Ioad factor of g = 1.20 in a pull-up at 80 mph 
CAS. The reason being that our angle of attack is quite high at 80 mph, and 
any pull on the yoke will quickly produce a stalling a.o.a. and relieve the 
aerodynamic load on the airplane. 

On the other hand, if one were flying at 190 mph CAS, with a low CL and 
a.o.a., it would be possible to cause a very large increase in CL , L, and g
load factor in a sudden pull up. Specifically, CL can increase by a multiple 
of 6.788 before the accelerated stall relieves the load. This means that when 



20 Flying The Beech Bonanza 

flying at 190 mph (CAS) in an F33A, one could "pull" 6.788 g's. 
There is a simple fonnula that can be used to figure the maximum g-Ioad 

factor possible in a pull up at any speed. It is: 

where g; is the load factor, Vs; is the speed during the pull-up or the acceler
ated stall speed when the load factor is g;, and V, is the one-g stall speed. 
(For those who are interested, this formula is derived in the Appendix.) For 
example, at 120 mph, the maximum load factor is 

g = (120173)2 = 1.6442 = 2.7, 

i.e., if our current speed is 120 mph and the stall speed is 73 mph, we would 
stall just as the load factor reached 2.7 in a rapid pull- up. Had we been fly
ing at 170 mph, we would have pulled more than five g's prior to the stall. 
In fact the maximum load factor at 170 would be 

g = (170173)2 = 5.4. 

Evidently, for any given stall speed, our ability to impose a load on the 
airplane increases with the square of the speed. 

Equation (3) has another interesting implication which we point out as an 
aside. Most pilots would give a lot of credit to a designer who could pro
duce an airplane with a high cruise speed and a low stall speed. Equation (3) 
says that such aircraft have a higher potential for excessive load factors. 
Table I compares the maximum speed/clean stall speed ratios for a variety 
of popular aircraft including four models of Bonanzas. Notice that the 
ratios are higher for the Bonanzas - that's good; and the squares of the 
ratios are much higher - that means the Bonanza should be treated with 
care. This is the price we pay for flying a very well designed airplane. A 
Cessna 172 going flat out at sea level could pull "only" 6.25 g's in an abrupt 
pull up, while an M35 could (try to) pull 9.3 g's. But that is a digression 
from our current topic. 

Equation (3), showing the relation between g and V, is shown graphically 
in Figure 4.4. In our first example we started at Point A in level unacceler
ated flight. Ignoring any deceleration, an abrupt pull-up causes an increase 
in g as we move toward point B. But before we can pull more than 3 g's, we 
stall at point B. Because of the stall, the airplane is incapable of moving 
into the shaded portion of Figure 4.4. An aeronautical engineer would refer 
to this region as the "area of unavailable lift." 
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CI72 
CI82 
C210 
Mooney 201 
Arrow 
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V35B 
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Max Speed 
(kts) 

172 
125 
148 
175 
175 
152 
160 
182 
182 
179 

Table 1 
Stall Clean 

(kts) 

63 
50 
56 
65 
63 
60 
58 
60 
64 
62 

{Max Speed) 
\Stall Clean 

2.73 
2.50 
2.64 
2.69 
2.78 
2.53 
2.75 
3.05 
2.84 
2.89 
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(
Max Speed)2 
Stall Clean 

7.45 
6.25 
6.97 
7.24 
7.73 
6.40 
7.56 
9.30 
8.07 
8.35 

Notice that equation (3) implies that if you don't fly faster than twice 
your current stall speed (as determined by weight and configuration), you 
could not exceed a load factor of four. This is worth knowing, and we will 
return to this point later. 

g 

4 

3 
2.7 

2 

o Y, ~ 73 120 Y 

FIGURE 4.4 
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LIMIT AND ULTIMATE LOAD FACTORS 

The limit load factor is the maximum load factor which a given airplane 
can withstand without suffering any permanent deformation of the primary 
structure, e.g., wrinkled skins. The Bonanza is licensed in the utility cate
gory, and that means it has a limit load factor of 4.4. (The straight 35 is in 
the utility category only at reduced weight.) By comparison, most general 
aviation aircraft are licensed in the normal category with a limit load factor 
of3. 8, jet fighters may have limit load factors of7. 5, and the 747 (like most 
transports) has a limit load factor of 2.5. 

If the actual load factor exceeds the limit load factor, primary structure 
may be permanently deformed, but it should not fail completely unless the 
load factor exceeds 1.5 times the limit load factor. This is the "ultimate load 
factor." If this value is exceeded, primary structure may fail and separate 
from the airplane. Ground static tests are required to establish the integrity 
of the airframe at its ultimate load factor. 

Figure 4.5 shows the regions defined by the limit and ultimate load fac
tors, together with the accelerated stall line, AS. 

g 

6.6 

4.4 

o 

FIGURE 4.5 
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MANEUVERING SPEED 
IMPORTANT: V-tail pilots should refer to the Addendum on page 165. 

Looking at Figure 4.5, we see that if the airspeed is kept low enough, it 
will be impossible to exceed 4.4 g's. For instance, our first example 
showed that an F33A flying at 120 mph (CAS) could not exceed 2.7 g's. 
The maneuvering speed, Va' is defined as that speed which produces an ac
celerated stall at the limit load factor, when the aircraft is at maximum gross 
weight. Va is derived in Figure 4.5 by simply reading down from point C, 
where the dashed line at 4.4 g's intersects the accelerated stall line. 

Equation (3) can be rearranged to read 

(4) V'i = vg; X V, 

Thus if we want to find the airspeed which gives an accelerated stall at 4.4 
g's, i.e., Va> we get 

(5) Va = V4.4 X V, = 2.098 x V,. 

This is why any Bonanza after the straight 35 has a maneuvering speed 
equal to just slightly more than twice the clean stall speed. 

The Beech flight manuals list a value for Va in the Limitations section. 
Here is an important question regarding the published Va: if you fly at or 
below your published Va' are you assured that you can't exceed 4.4 g's? Sur
prisingly, the answer is no. That may seem at first like a contradiction of all 
that has been said above, but it is not. 

Notice from equation (5) that Va is a function of the stall speed. But the 
stall speed changes with weight, power setting, and configuration, so Va 
should change with these factors too. Consider the effect of weight. As 
weight decreases, the stall speed decreases, and so therefore does the value 
of Va. It is possible to overstress the airframe while flying at the published 
value for Va when the aircraft is lightly loaded. It is vitally important for the 
Bonanza pilot to understand this fact. 

Figure 4.6 shows two accelerated stall lines for the V35B. One is drawn 
for maximum gross of3,400 pounds and the other for a practical minimum 
operating weight of 2,400 pounds. (The latter figure is arrived at as fol
lows: 2,167 pounds for the basic empty airplane, 130 pounds for a light 
pilot, 48 pounds of fuel, 55 pounds of options and miscellaneous.) The one
g stall speed at 3,400 pounds is 73 mph CAS, while at 2 ,400 pounds it is 61 
mph CAS. That explains why the accelerated stall border in the figure shifts 
left at the lower weight. The maneuvering speed at 3,400 pounds, as given 
in the Beech Handbook, is 153 mph CAS, but at the lower weight the ap
propriate value forV. is only 128 mph CAS. Starting frompointA, if a pilot 
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FIGURE 4.6 

flying at 153 mph with a gross weight of 2,400 gives an abrupt pull up with 
the elevator. he will not stall at point B at the 4.4 g limit load factor - the 
value will instead be 6.3 g's at C, nearly equal to the ultimate load factor. 
This is a point to ponder - and one that should affect one's flying strategy 
for operations at light weights. 

It is unlikely that any Bonanza pilot would deliberately impose this sort 
of load, i.e., one doesn't just yank back on the yoke to see what would hap
pen. A more likely scenario would be that one finds oneself upset by turbu
lence or disoriented in instrument weather, and attempts a sudden correc
tion with full deflection of some control. 

The lesson is obvious: when you are light, slow down. But how much? 
What is the proper value for Y, at any given weight? Since the Flight Man
ual is silent on this point, we'll have to figure it out for ourselves. Several 
methods are possible. 

The simplest way to find Y, for a given weight is to look up the calibrated 
stall speed for that weight in the Performance section of the Beech Hand
book and then multiply by V4A( = 2.098), as in equation (5). 

An alternative method makes use of the fact that stall speeds and weights 
are related via equation (6). (Due to large cg effects, this does not hold for 
the 36 series Bonanzas.) 
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where V sj is the one-g stall speed when the airplane weighs Wj' V s is the 
one-g stall speed at maximum gross, and W is maximum gross weight. Sub
stituting equation (6) into (5) we get 

where Vaj is the maneuvering speed when weight is Wj. Using this 
technique for the V35B, we get: 

Maneuvering Speed, MPH 
(Gear Up) 

Weight Va 

3400 153 
3200 149 
3000 144 
2800 139 
2600 134 
2400 129 

If the air is really rough and controllability is in doubt, one should lower 
the landing gear as advised in the chapter on emergencies. But what does 
that to do Va? Although Beech does not provide enough calibration informa
tion to allow one to say this with complete confidence, it appears from ex
perimentation that the stall speed drops when the gear is extended - and 
this implies that Va should be adjusted downward. My experience has been 
that the flaps-up gear-down stall speed is almost exactly half way between 
the published flaps-up and flaps-down speeds in the Flight Manual, though 
the reason for this is not clear. 

Equation (8) will give you the proper value for the maneuvering speed 
with the gear down, call it V~j. 

where V~j is the gear-down maneuvering speed for a weightofWj, Vst is the 
air speed at which you stalled with the gear down at a weight ofW, in your 
flight test. 

For instance, suppose we go out in a V35B weighing 3,000 pounds and 
find that the gear-down flaps-up stall comes at an indicated 64 mph. Ex
trapolating from the airspeed calibration chart in the Performance section, 
we estimate that the pitot error at this speed is about -I mph, so our stall is 
actually at about 63 mph CAS. Then 
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(9) V~j = 2.098 x 63 x VWPOOO = 2.41 X " Wj 

The reader can check that this gives the following table. 

Maneuvering Speed, MPH 
(Gear Down) 

Weight V~ 

3400 141 
3200 136 
3000 132 
2800 128 
2600 123 
2400 118 

Operationally, you are going to want this information most when you are 
least able to compute it, look it up, or even think about it. Probably the 
simplest way to make use of this information is to sit quietly at home with 
your calculator or computer and compute the range of values for Va' Find Va 
and V ~ for the lightest weight you are likely to encounter and for maximum 
gross. This gives you an idea of the range which you should use. Then as a 
reminder you might make a small placard to place near the airspeed indi
cator. The placard might look like so: 

Maneuvering Speed Range, MPH 

129 to 153 Gear Up 
118 to 141 Gear Down 

Then when you need the information, pick a target value on the high side of 
the range when you are heavy and on the low side when you are light. 

Be sure to consult the emergency section of this book for more on how to 
deal with extreme turbulence. We return now to a further discussion of the 
envelope itself. 

DESIGN AIRSPEEDS 

There is a family of speeds which is significant in the design, flight test, 
and operation of any airplane. First is Ve, the design cruise speed. Ve(in 
mph) must be greater than or equal to 38 times the square root of the wing 
loading. Beech has setVe = VNO for all Bonanzas. Next isVd , the design 
dive speed. V d must be at least as high as 1.5 x Ve' The manufacturer must 
demonstrate that the airplane can be flown at V d without experiencing con-
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trol flutter or other catastrophic effects. V NE, the red line or never exceed 
speed, must be set at something less than 90% of V d . This allows some 
further insurance against flutter or gust induced loads. It is illegal to exceed 
V NE' Finally, V NO' the maximum normal operating speed, or top of the 
green, must be greater than or equal to the smallest legal value forVe . Flight 
between VNO and V NE> i.e., in the yellow arc, is limited to smooth air only. 
The values for these speeds for a sample of Bonanzas are shown in Table 2. 

Table 2 
Speeds (mph) 

Model Vc 38"w/s VNE V d (min) .9Vd 

A,B35 160 146 202 240 216 
K,M35 185 153 225 278 250 
A,B33 185 156 225 278 250 
C,E,F33 185 157 225 278 250 
S,V35,F33A 190 162 225 285 257 
36,A36 190 169 234 285 257 

The story of the dive testing of the Bonanza is both informative and sad. 
On October 26, 1948 Beech test pilot Harry Reiter was killed when a 
Bonanza came apart in the air during the terminal dive test. His copilot and 
engineer, Robert King, parachuted to safety and recounts the fascinating 
story in theAmerican Bonanza Society Newsletter of December 1973. It ap
pears that at a speed in excess of 220 mph indicated, one of the gear legs fell 
enough to open a main gear door. It is speculated that this changed the pres
sure within the wing and the flow over the tail enough to fail some primary 
surface. 

This accident gave rise to the uplocks now on all Bonanza gear, and after 
the installation of the uplocks, subsequent dive tests were conducted in re
mote controlled Bonanzas at speeds of up to 286 mph indicated. Larry Ball, 
in his Those Incomparable Bonanzas (p. 41) reports that the Bonanza will 
accelerate in a dive from 200 to 280 mph in six seconds. 

GUST LOAD FACTOR 

When an aircraft in unaccelerated level flight encounters a vertical gust 
of air, there is a sudden increase in angle of attack. With the higher angle of 
attack, both the lift coefficient, CL , and lift itself increase (see Figure 4.3). 
This accelerates the airplane upward and imposes a gust load factor equal to 
one (the original g load) plus the change in lift divided by weight. See Fi
gure 4.7. 



28 Flying The Beech Bonanza 

" 
t CHANGE IN LIFT 

,,-----
"-

ORIGINAL LIFT 

AIRPLANE " 
VELOCITY )( 

VERTICAL l' ~ 
GUST ~'v,\~,,'\ 

1'-\,>$ 

FIGURE 4.7 

When the Bonanza was designed, the certification rules said that normal 
and utility category aircraft must be able to withstand a sharp edge vertical 
gust of 30 feet per second at max gross weight at V NO without exceeding 
their limit load factors. And they must be able to withstand a IS foot per sec
ond gust in similar conditions at V d' As we shall soon see, the greater the 
airspeed, the greater is the g load imposed by a given gust. 

For the sake of concreteness, we will assume that for the entire Bonanza 
fleet, the load factor imposed by a vertical gust is given by equation (10). 

(10) g = I + .0085SVUg 
W 

(This equation is particularly hard to guesstimate without detailed engineer
ing information. Though our equation is no doubt close to the truth, the 
reader is cautioned that the "llmerical values given below are for illustrative 
purposes only.) In thp equation: S is the wing area in square feet; V is veloc
ity in mph CAS; Ug is the gust velocity in feet per second; and W is the 
weight in pounds. 

For a V35B at maximum gross (W = 3,400 pounds and S = 181), equ
ation (10) reduces to 

(11) g = I + (.00045) Ug V, 

or with a vertical gust of 30 fps, we have 
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(12) g = I + .0\36V 

Thus, if we encountered a 30 fps vertical gust at 160 mph CAS, we would 
experience a gust load factor of 3.18 g's. If we were at the top of the green, 
190 mph, the g meter would read 3.58. At 250 mph, the load factor would 
be4.4, and we would be on the verge of causing a wrinkle on the airframe. 

Equation (12) can be depicted graphically as in Figure 4.8. Flying at 190 
mph prior to the gust, we are at point A. The gust moves us up to B, where 
g = 3.58. Had we been at point C, at a low speed, the gust would have tried 
to send us toward point D, but we would have stalled (at E) prior to reaching 
D. One sees the beginnings of this when the stall horn chirps in a gust on ap
proach. 

At low speeds the stall prevents the airframe from receiving much of a 
load factor, but at very high speeds, we may exceed the limit or even the ul
timate load factor in a 30 fps gust. 

A little algebra would reveal that if we flew at a speed between 118 mph 
CAS and (slightly more than) 190 mph, we could be neither stalled nor 
overstressed by a 30 fps gust when W = 3400. This region is shaded in Fi
gure 4.8. In its old handbooks, Beech used to represent this as follows: 
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Notice that by geometrical necessity Vo is in the interior of the safe speed 
range. 

l! is important to realize that as the airplane gets lighter the gust line 
moves higher. That is, at any particular speed, a 30 fps gust produces more 
of a g load on a light Bonanza than on a heavy Bonanza. The common sense 
behind this result is that any given gust has an easier time accelerating the 
airplane upward when the plane is light. That is why high wing loaded 
airplanes give a better ride in turbulence. If you rode an artillery shell 
through an updraft, you would probably never feel it. 

Equation (10) confirms this fact. Check this by noting that other things 
being equal, g is higher when W is lower in equation (10). For instance, we 
saw that a V35B at maximum gross pulls 3.58 g's in a 30 fps gust at 190 mph 
CAS; at a light weight like 2,400 pounds the same gust would produce a 
load factor of 4. 65. The equation for the 30 fps gust line at 2,400 pounds in 
a V35B is 

(13) g = I + .0192V 

Figure 4.9 shows two gust lines for the V35B at the two weights. 
The force of the gust on the airplane is not a function of weight. This fol

lows from the fact that force equals mass times acceleration, and accelera
tion varies in inverse proportion to weight or mass (see equation 10). But 
the effect of the gust does depend upon weight, since some fixed weight 
items, like the engine or battery (which are called "dead weight" items), 
create more of a local load or force at high g load values. 

Certification rules require that the manufacturer design the airplane to 
withstand the 30 fps gust at V NO "at all weights between the minimum de-
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sign weight and the maximum design weight." (CAR 3.201) And the "local 
supporting structure for dead weight items ... must be investigated" for 
gusts at light weights. (FAR A23. 7(a» At light weights it may well be that 
a 30 fps gust at V NO induces a load beyond 4.4, but the airplane is designed 
for this. 

So the airplane is strong enough to meet a 30 fps gust at V NO even at light 
weights, but the pilot should understand that in a sense the margins are less 
at light weights and high speeds. It is also true that the load experienced by 
the pilot and passengers in turbulence is higher at any given speed when the 
airplane is light. So one's tolerance for g loads, if not concern for structure, 
might prompt one to slow down in turbulence by more when the aircraft is 
lighter. 

Looking back to equation (II), we see that at 3400 pounds a 15 fps gust 
produces the gust line given by equation (14) 

(14) g = I + .00675V 

Recall that the airplane should be able to withstand a 15 fps gust at Yd' It 
should also be able to withstand gusts varying linearly between 30 and 15 
fps at speeds between V NO and V d' The resulting positive "gust envelope" is 
shown in Figure 4.10. 
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At this point the reader might think, "That's nice, but it isn't going to af
fect the way I fly. If! stay in the green arc in turbulence, the FAA has guaran
teed that I won't overstress the airframe." Unfortunately this is not the case. 

There is no reason to think that a 30 fps gust is the upper limit on what we 
might encounter in flight. It is just that after years of measurement and ob
servation the FAA has decided that this is a reasonable design requirement. 
The manufacturers are not forced by the FAA to design invulnerable 
airplanes. Vertical gusts well in excess of 45 fps have been measured by re
search aircraft flying in thunderstorms. Rotor clouds are said to have much 
higher gust levels. And vortex velocities in wake turbulence have been 
measured at 224 fps. The pilot's best hope in these cases is to fly at V, or 
slower. where no amount of turbulence can produce in excess of4.4 g's. An 
added virtue of flying at or below V, is that one can use full control travel in 
recovering from a gust-induced loss of control without fear of overstressing 
the airplane. (Be sure to adjust V, for weight, however.) 

Recall from our discussion of Figure 4.6 that the accelerated stall line 
shifts left and upward as the airplane is lightened. As both the gust line and 
the accelerated stall line shift back for lighter weights, we may end up fly-
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ing the airplane in extreme turbulence with the envelope looking like Fi
gure 4.1 L A close look at the picture shows that there is no speed range in 
which a 45 fps gust will neither stall nor overstress the airplane. At speeds 
below Va' we stall; at speeds at or above Va> we overstress the airframe and, 
perhaps, stall. In any case, as we become lighter, the safe speed range nar
rows. 

g 

4.4 

o v 

FIGURE 4.11 

The old handbooks would have shown this like so: 

Not a happy situation. 
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THE COMBINED MANEUVER-GUST ENVELOPE 

If we put all of the ideas of this chapter into one last graph, we get the 
combined positive manuever-gust envelope shown in Figure 4.12. The 
Bonanza can be safely operated anywhere within the un shaded area - but 
you must remember that all of the lines move when weight changes. (One 
must also remember that the structure may have weakened with age, abuse, 
and corrosion.) For the sake of brevity and simplicity, we have considered 
only positive load factors. The negative side of the envelope looks some
thing like a mirror image (with the mirror on the horizontal axis) of Figure 
4.12, but for our type of operation it is much less of a consideration. 
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FIGURE 4.12 
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FINALLY 

This has been a long and fairly technical chapter, but the main point is 
both simple and crucially important. WHEN IT IS ROUGH, SLOW 
DOWN. WHEN YOU ARE LIGHT, SLOW DOWN EVEN MORE. 

APPENDIX 

We show that 

In a one-g stall, CL = CLm"" V = V" and L = W. Therefore, from the lift 
equation we get 

or 

(AI) 
1 _ SCLmax v/ - 39lW 

In an accellerated stall with g = gi, we have CL = CLm,,, V = V,i, and LI 
W = g. Thus, 

(A2) SCLm,x vsf = g. 
39lW ' 

Substituting from equation (AI), we can write (A2) as 

Which is what we set out to show. 
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CHAPTERS 

PERFORMANCE FUNDAMENTALS
THRUST AND DRAG 

The student pilot learns in groundschool that thrust equals drag and lift 
equals weight in level, unaccelerated flight. These are the four basic forces 
operating on the airplane. Later in this book we will consider the subject of 
weight and center of gravity in great detail. We also examine the lift 
characteristics of the Bonanza in several later chapters. In the present chap
ter we study the remaining forces- thrust and drag. The principal applica
tion of the results derived here will be in analyzing the Bonanza's climb and 
cruise performance-in particular, the thrust and drag results will let us 
explore several aspects of performance not covered in the Handbooks
such as maximum range and endurance and climb rates at various 
airspeeds. 

THRUST 

By pushing air aft, the propeller converts the brake horsepower (BHP) 
exerted by the crankshaft into propulsive power or thrust horsepower 
(THP). If the propeller were replaced by a two-by-four, the engine might 
develop 285 brake horsepower, but its thrust horsepower would be zero. 
This is because the "propeller" efficiency of a two-by-four is zero. 



Performance Fundamentals - Thrust and Drag 37 

Propeller efficiency, denoted bye, is defined to be the ratio of THP to 
BHP. It is the ratio of power output to power input. The propeller is not 100 
percent efficient, because, like any airfoil, it has losses from skin friction 
drag, induced drag, tip losses due to near sonic speeds at the tip, etc. The 
typical aircraft propeller might have a cruise efficiency of O. 88, with lower 
efficiency at lower airspeed. This means that 88 percent ofthe BHP is con
verted to THP by the propeller in cruise. (We ignore brake horsepower 
losses due to accessory drives for alternators, vacuum pumps, etc.) 

The efficiency of a given propeller is a function of the advance ratio, J, 
and the coefficient of power, Cpo The advance ratio is defined to be V InD, 
where V is true airspeed in feet per second, n is propeller revolutions per 
second, and D is propeller diameter in feet. The coefficient of power is 
equal to 550 BHP/pn3D5

, where p is the air density. If one had the so
called "efficiency map" for a particular propeller, one could compute the 
propeller efficiency under any combination of values for J and Cpo 

When the author was working on another project, he obtained the effi
ciency map for the McCauley 82NC-2 propeller, which is virtually identi
cal to the 82NB-2 propeller used for 3-blade installations on the 10-520 en
gined Bonanzas. Figures 5.1 and 5.2 are derived from this efficiency map 
and allow the reader to estimate propeller efficiency under a variety of cir
cumstances. (Due to the complexity of detennining Cp and reading the full 
efficiency map, the author has simplified the presentation by assuming Cp 
= .055. This is quite close to actual cruise and climb values for the 10-520 
at moderate altitudes, and the assumption introduces a maximum error in 
our estimate of propeller efficiency of only 2 or 3 percent.) 

Figure 5.1 allows the reader to find J on the basis of true airspeed (mph) 
and rpm. For instance, if one has a true airspeed of 195 mph at 2400 rpm (as 
shown at point A), the propeller advance ratio is between J = 1.0 and J = 
I. I and closer to 1. I-perhaps 1.07. One could skip Figure 5.1 and com
pute J with the following fonnula: 

J = 13.2 V mph.TAS 

rpm 

If V = 140 mph TAS and rpm = 2300, we would be at point B, and J 
would equal about 0.8. 

Figure 5.2 allows one to convert J into propeller efficiency for the 3-
blade McCauley. For instance, if the advance ratio is 1.0, the efficiency 
factor is about 0.88; ifJ = 0.45, as it might in a full-power climb at V xo the 
propeller efficiency would drop to about 0.70. 

Several interesting facts emerge from these figures. 
(i) The propeller is most efficient at high advance ratios. (This ceases to 

be true when the advance ratio goes past about 1.2, but the Bonanza does 
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not typically operate in this region.) This means that if one can maintain a 
given true airspeed by reducing rpm and increasing mp, the propeller effi
ciency will rise, and less BHP and fuel flow will be required. This increases 
fuel economy with no loss in speed, We will have more to say on this point 
in the chapter on maximum range. Alternatively, one could reduce rpm and 
increase mp to maintain a given BHP and fuel flow, and take the propeller 
efficiency gain in the form of extra speed. All of this follows from the fact 
that fuel flow depends only upon BHP, while speed is a function ofTHP, 
which equals propeller efficiency times BHP, 

(ii) Climb is a function of excess thrust horsepower, so propeller effi
ciency also figures into climb performance, We give just one illustration. 
Suppose we cruise climb per the A36 Handbook at 25 inches mp or full 
throttle, 2500 rpm, and 125 mph lAS. At 5000 msl on a standard day our 
true airspeed is about 134 mph, while J = 0,70, and propeller efficiency 
equals 0,83, The only way to increase the advance ratio and propeller ef-
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ficiency while maintaining 2500 rpm is to increase airspeed. If we climb at 
150 mph lAS, our true airspeed at 5,000 msl is 161 mph, while the advance 
ratio and propeller efficiency rise to 0.84 and 0.865 respectively. The in
crease in propeller efficiency due to the increase in airspeed and advance 
ratio is the rough equivalent of getting 8 "free" horsepower. 

(iii) In the chapter on emergency maximum range, we will see that the 
speed for best range for the A36 is about 130 mph lAS, though this value 
varies with weight. At a typical altitude and temperature, 130 mph lAS 
gives about 140 mph TAS, and maximum propeller efficiency would call 
for an rpm of less than 1800. The Handbook limits us to 1900 rpm 
minimum for cruise, so maximum efficiency considerations would prompt 
us to set rpm at 1900 and use mp to obtain 130 mph lAS. If one can't obtain 
130 mph lAS and 1900 rpm without using more than 22 inches mp (the 
maximum approved for 1900 rpm), then one could increase rpm minimally 
until 130 mph lAS is obtainable with minimum rpm and an acceptable rpm
mp combination. According to the Continental and McCauley charts, the 
fuel saving compared with using lower mp and, say, 2300 rpm, is in the 
neighborhood of 5 percent. The author has experimented with this in flight 
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and found fuel savings of 15 to 20 percent from using low rpm to maintain 
a given speed. This charactcristic is equally useful in routine cruise opera
tions-for improved fuel economy with no loss in airspeed, use the lowest 
approved rpm sufficient to produce the desired airspeed. Just be sure to stay 
within the approved MP vs. RPM envelope in the Handbook, and adjust 
rpm as needed to keep the engine sounding happy. 

DRAG 

Drag is produced whenever air moves past an object. If you held your 
hand out a car window, the force pushing your hand aft would be drag. 
Similarly, if we placed a Bonanza in a wind tunnel and turned on the wind, 
we could, with properly attached scales, balances, or weights, measure the 
force acting parallel to the airflow tending to push the airplane aft. Again, 
this force is drag. When the Bonanza is in straight and level, unaccelerated 
flight, drag is exactly matched by thrust. Both forces are measured in 
pounds. 

INDUCED DRAG 

ACTUALLIH 

EFFECTIVE LIH 

REMOTE FREE STREAM 

FIGURE 5,3 
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There are many different components to drag (skin friction drag, form 
drag, interference drag, trim drag, cooling drag, etc.) but the total drag on 
the airplane is commonly divided into just two parts-induced drag and 
parasite drag. 

Induced drag is the drag that results from the generation of lift. The wing 
creates lift by accelerating air downward, and this creates a downflow or 
downwash in the neighborhood of the wing. (You can see evidence of this 
by noting the wayan oil stain tracks along the fuselage above the wing.) 
See Figure 5.3. Lift acts perpendicular to the relative wind near the wing, 
and this means that the lift vector is inclined aft by the down wash angle. 
The actual lift vector, which is inclined aft, can be decomposed into two 
components. One component is perpendicular to the remote free air 
stream. This component is sometimes called "effective lift," though in the 
remainder of the text (and aerodynamic discussions generally) it is simply 
refered to it as "lift." Notice that there is also a component of lift pointing 
aft parallel to the remote free stream. This aft component of the lift force is 
called "induced drag." 

It should be obvious from the figure that induced drag increases as the 
angle of attack increases. And since angle of attack is inversely propor
tional to the square of the calibrated airspeed, induced drag will also de
crease in proportion to the square of the calibrated airspeed. We write this 
as: 

where D; is induced drag, and K2 is a constant term determined by the air
craft span loading squared (span loading is weight divided by wingspan) 
and what is called the "Oswald efficiency factor." 

The term "parasite drag" refers to all drag not associated with lift. Para
site drag is composed of skin friction drag due to viscous shearing stress 
over the wetted area (exposed surface area) of the airplane, form drag due 
to adverse pressure differences ahead of and behind the aircraft surfaces, 
cooling drag due to momentum lost by air flowing through the cowling, 
etc. 

Parasite drag varies with the square of the calibrated airspeed as in equ
ation (2). 

(2) Dp = K 1y2cAS 

It follows that total drag, D, is given by equation (3) 

(3) D = Dp + D; = KIy2cAS + K2/y2cAS 
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In level unaccelerated flight, thrust, T, equals drag, so we could write 

(4) T = K\y2
cAS + K2/y2cAS 

For propeller driven airplanes, it is more convenient to consider thrust 
horsepower than thrust itself. Thrust horsepower measures the time rate 
of work, and it is related to thrust and velocity (TAS) by equation (5), 

(5) THP = TYTAS 
375 

where Y is measured in mph T AS, True airspeed is related to calibrated 
airspeed by the equation YTAS = Y CAS1 /d, d is the air density ratio, 
defined to be the ratio of air density at some particular altitude to air density 
at sea level on an ISA standard day. (Table 1 lists some values for /d at 
various altitudes at ISA standard temperatures.) Thus, we could rewrite (5) 
as 

or 

(6) THP 
TYCAS 

= 375/d 

(7) T=375 /dTHP/YCAS 

Substituting (7) into (4) we have 

or 

(9) THP = K;y
3
cAS + 

/d 

K2 

where K( = KJ375. 
Since THP = e BHP, we could give an alternate version of (9) as 

(9) e BHP = THP = 
3' 

K;Y CAS + 
/d 

K2 
YCAS /d 

THRUST HORSEPOWER REQUIRED 

Equation (9) is of fundamental importance for all aircraft performance 
computations. Given K\; K2 ; and d, equation (9) reveals how much thrust 



Performance Fundamentals - Thrust and Drag 43 

horsepower is required for flight at any given calibrated airspeed. The first 
term on the right-hand side of (9) gives the thrust horsepower needed to 

Table 1 
Altitude (feet) 

S.L. 
1000 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 
10000 
15000 
20000 
25000 

\.0000 
0.9854 
0.9710 
0.9566 
0.9424 
0.9283 
0.9143 
0.9004 
0.8866 
0.8729 
0.8593 
0.7932 
0.7299 
0.6695 

overcome parasite drag, which we will denote THPrp. Figure 5.4 shows 
how this term rises with the cube of the calibrated airspeed. The second 

THP, 

o 

FJGURES.4 
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tenn on the right-hand side of (9) gives the thrust horsepower required to 
overcome induced drag, which we will denote THPri. Notice from (9) and 
Figure 5.4 that when airspeed is low and angle of attack is high, THPri is 
high; but THPri drops as V CAS rises. The combined THPr curve in Figure 
5.4 is the sum of the THPri and THPrp curves. 

If we knew the values for K; and K:i for the Bonanza, we could derive 
many interesting aspects of Bonanza perfonnance. We could find the calib
rated airspeeds for maximum climb rate and climb angle, speeds for 
maximum range and endurance, and we could predict cruise perfonnance 
at any power setting and altitude. In short, the power required curve could 
serve as a basic reference point for most issues of performance. 

Unfortunately, Beech does not reveal this sort of infonnation; but fortu
nately, it is possible to fonnulate what seems to be a fairly accurate edu
cated guess. Using Continental's power charts, McCauley's propeller effi
ciency curves, many observations of A36 perfonnance, together with some 
mathematics and statistics, the author estimates the power required for the 
A36 Bonanza to be 

(10) 

or 

. 00002317 V~PhCAS 
jd 

(II) 

.00057783 W2 
+ 

jd VmphCAS 

e BHP 

V~PhCAS + 
43159 jd e 1730.7 VmphCAS jd e 

THP 

= BHP 

To facilitate use of the equation for other Bonanza models, we have 
explicitly included weight, W, in K2 in equations (10) and (11). 

To illustrate, assume W = 3400, altitude is 5000 msl on a standard day 
(so jd = .9283), and for simplicity, assume propeller efficiency is con
stant at 0.88. Then we have 

(12) V~PhCAS + 8176 
35257 VmphCAS 

= BHP 

The graph of this equation is shown in Figure 5.5. 
Several interesting facts can be read from Figure 5.5. First, the speed for 

maximum endurance is about 100 mph CAS. This would be the speed to 
use when trying to stay aloft for the longest possible time-perhaps while 
holding with low fuel. Second, the speed for maximum range in still air is 
about 130 mph CAS. At this speed the Bonanza uses the least fuel (and 
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BHP) per mile. Both of these speeds will be lower at weights below 3400 
pounds. (The max range issue is treated at length in a later chapter.) Third, 
the open circles in the chart show the calibrated airspeeds and BHP values 
from the A36 Handbook. Note that our curve is in fairly close agreement 
with the Handbook. There are several possible explanations for the dis
crepancies: (i) We assume for simplicity that propeller efficiency is con
stant at 0.88. This is very close to true-particularly at airspeeds above 
about 100 mph CAS-but the assumption will introduce some small error. 
(ii) The Beech Handbook is fairly conservative. If it says 214 BHP will 
give 178 mph CAS at 5000 msI (open circle "A"), it is not at all surprising 
that one would actually get 182 mph CAS, as our graph says. 

We can check the accuracy of equation (II) for other Bonanzas by mak
ing further computations and Handbook comparisons. The F35 Handbook 
says that 120 BHP will give 146 mph CAS at 5000 feet on a standard day at 
2550 pounds. If we assume that parasite drag is the same for the F35 as for 
the A36 (though it will actually be slightly less) and if we further assume 
that the F35's propeller also has a constant efficiency ratio of 0.88, we get 
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(using equation (11)) the following equation for BHP required at 2550 
pounds, 

(13) V~PhCAS + 
35257 

4599 
VmphCAS 

= BHPr 

According to the equation, 119,77 BHP is required for 146 mph CAS
an error of 0,23 BPH! 

The Y35B-TC weighing 3400 pounds should, according to the Hand
book, indicate 158 mph at 23,500 feet ( jd = ,6871) using 214 BPH, Our 
equation becomes (again assuming propeller efficiency is constant at 0,88) 

(14) V~PhCAS + 
26096 

11047 
= BHPr 

which predicts required BHP at 221-a 3% difference from the Handbook, 
Just for fun, we figure (using equation (11)) that a 3400 pound Bonanza 

would require 376 BHP to true out at 300 mph (201 mph CAS) at 25,000 
feet on a standard day, If376 BHP is 75 percent of max continuous, the en
gine would have to be 501 BHP maximum continuous, 

We have been assuming that there is one THPr equation to fit all Bonan
zas-33's, 35's, and 36's, Actually, the smaller wetted areas for the 33's 
and 35's should prompt us to use lower parasite drag coefficients (Ki), but, 
judging from our cross checking of the equation versus the various Hand
books, the differences are small enough to neglect without significant 
error. 

For many applications, the THPr curve is used in place of the BHPr 
curve, THPr equals e times BHPr. The THPr curve is easily derived from 
equation (10), For instance, at 5000 feet on a standard day ( jd = ,9283) 
at 3400 pounds, we get 

y3 7196 
(15) THPr = e BHPr = mphCAS + 

40065 YmphCAS 

A sketch of the graph of the thrust horsepower required equation is shown 
in Figure 5,6, The left-hand portion of the curve has been tailored to curl up 
steeply as the power-on stall speed is approached, This is because the 
airplane simply cannot fly at speeds below the power-on stall speed, 

The principal application of the THPr curve is in determining climb rates 
at various airspeeds, weights, and altitudes, As we shall see in the chapter 
on climb, the rate of climb is determined by the difference between thrust 
horsepower available (THPav) and thrust horsepower required (THPr), 
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Specifically, rate of climb (ROC) is given by equation (16). 

(16) ROC = (THPav '~Pr) 33,000 

47 
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To illustrate, Figure 5.6 also shows the THPav curve for the Continental 
10-520 and 3 blade McCauley at full throttle, 2700 rpm, at 5000 feet ISA 
standard conditions. Using Figure 5.6, we see that the A36 has about 90 
excess thrust horsepower (THPav minus THPr) at 110 mph CAS, and, 
using equation (16), this should produce a climb rate of 874 feet per mi· 
nute. This is in close agreement with the A36 Handbook, which lists a 
climb rate of about 850 feet per minute at full power, 5000 feet ISA stan· 
dard day, 110 mph CAS, and 3400 pounds. 

Notice that at full power, the Bonanza will climb if it is flown at any 
speed between 61 and 194 mph, and the climb rate is proportional to the 
vertical distance between the THPr and THPav curves. The virtue of Figure 
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5.6 is that it lets us study the climb rate at speeds other than 110 mph CAS 
(the only speed for which Beech publishes climb rates), and we will use this 
information extensively in the chapter on climb. 

An S35 in the Rockies. Photo courtesy of Dale May. 
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This book is intended to be as Bonanza-specific as possible. Since every 
pilot understands the basics of takeoffs, we will try not to belabor the obvi
ous. Instead of offering a comprehensive discussion of takeoffs in general, 
we will focus on the interpretation of the Beech Handbook and on the use of 
flaps for short field operations. 

ROUTINE TAKEOFF 

By a "routine takeoff' we mean a takeoff from a long, smooth, dry, 
level, hard surface runway with no obstacles or unusual winds. We might 
also suppose, at least initially, that the take off is from sea level on a stan
dard day. 

Having completed the pre-takeoff checklist, we line up on the centerline 
of the runway and advance takeoff power. This generally means full rich 
mixture, maximum rpm, and full throttle, though some of the turbo
charged engines have their idiosyncracies. Beech recommends full power 
prior to brake release but most pilots would use this technique only on short 
fields. 

The Beech Handbook calls for a takeoff check which most pilots have ig
nored. The last item on the A36 Before Takeoff list reads "Instruments 
CHECK (Make final check of manifold pressure, fuel flow, and rpm at the 
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start of the takeoff run.)" A similar warning is made for all other models. 
The idea is a good one, and every Bonanza pilot should make an effort to 
incorporate this final check into his habit pattern. After all, when do you 
want to find out that the prop governor has stopped your rpm at 23OD-at 
the start of the takeoff roll or as you stagger off the last ten feet of runway? 

My procedure is to check each of the key engine condition instruments 
immediately after going to full power. I start from the far right of the panel 
and sweep toward the left. When all is well the chant goes "rpm good, fuel 
flow good, manifold pressure good, EGT good, oil pressure good." This 
only takes a few seconds, and you only have to catch a lean mixture (due, 
no doubt, to leaning for ground operations) once to see the value in the pro
cedure. 

Given that we are accelerating down the runway in good health, we need 
to know when to lift off and how quickly to accelerate to our cruise climb 
speed. It is surprising how many long-time Bonanza pilots don't know that 
Beech provides a table or chart giving recommended liftoff and "50 foot" 
speeds for a variety of aircraft weights. 

There is a table of takeoff speeds at the top of the Takeoff Distance page 
of the Performance section of every Handbook. The takeoff speed table for 
the A36 is reproduced below. 

Takeoff Speed 

LiftOff 50Ft. 
Weight kts mph kts mph 

3600 70 81 78 90 
3400 69 79 76 87 
3200 67 77 75 86 
3000 66 76 73 84 
2800 63 73 66 76 

Thus, if we are taking-off at a weight of 3000 pounds we should have the 
airplane off the ground at 66 kts (or 76 mph). As a rule, the takeoff trim set
ting will produce a trim speed of approximately V y (best rate speed) at full 
power. For the A36 this is about 96 kts (or 110 mph )at maximum gross 
weight and only slightly less at reduced weight, so it will necessarily take 
some back pressure on the yoke to lift off at 66 kts. In fact the pilot should 
keep some back pressure on the yoke throughout the takeoff run to keep the 
airplane from exerting too much force on the nose wheel. This is particu
larly true for the H35 and later Bonanzas which have downsprings which 
pull the yoke forward. 

Once we are off the ground, we could hold the nose way up and cross 
through 50 feet AGL at a very slow speed, or we could keep the nose down, 
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accelerate more quickly, and cross 50 feet AGL much further down range 
and at a much higher speed. The purpose of the "50 foot" speed in the 
takeoff speed table is to give the pilot some guidance on the optimum rate 
of acceleration or, equivalently, the optimum pitch attitude after takeoff. In 
any case if the pilot expects to cross the 50 foot height in the horizontal dis
tance Beech cites in the Handbook, he or she will have to get the nose up in 
the manner Beech suggests. 

Checking through the various new Beech Handbooks, one notices that 
the 50 foot takeoff speed for maximum gross weight is the same as the pub
lished value for V, (best angle of climb speed). In fact, V, diminishes with 
weight, and though Beech does not say so in its Handbooks, it is probably 
the case that the 50 foot speeds at lower weights are very close to the true 
weight corrected values for V,. 

Some may feel that the liftoff and 50 foot speeds are low, but in fact they 
are quite conservatively determined. The liftoff speed is between five and 
eleven percent above the flaps up, power off stall speed (V,), while the 50 
foot speed is usually about twenty percent higher than V,. And with full 
power, the actual stall speed will be even less. For instance with gear and 
flaps up the F33A stalls at 74 mph lAS with power off and 61 mph with 
power on. 

One should not get the impression that the pilot's eyes are to be glued to 
the airspeed indicator during takeoff and initial climb. Operationally, one 
might want to use the speeds from the table only to get an idea of the feel 
and pitch attitude of the airplane when the takeoff is done "by the book". 
Once this is learned, subsequent takeoffs can be made, for instance, by 
keeping the nose light during the roll, letting the plane fly off when it is 
ready, and pitching the nose up until the far edge of the cowling just 
touches the horizon-and all this with just occasional glances at the 
airspeed indicator. 

Incidently, if the liftoff speed is a fixed multiple of the stall speed, say 
I. IO V" the target liftoff speed will obviously vary with weight, since V s 

depends upon weight. But the angle of attack and aircraft pitch attitude at 
lift off will always be the same regardless of weight. That is, if the nose has 
to be up seven degrees to fly an A36 off at 79 mph at 3400 pounds (when V, 
= 74) then the nose will also have to be up seven degrees to fly off at 73 
mph at 2800 pounds (when V, = 68). This follows from the fact that both 
liftoff speeds are equal to \.07 x Vs. The significance of this seemingly tri
vial aerodynamic fact is that it means that in a sense all takeoffs can be done 
the same regardless of weight, i.e., we always lift off with the nose up the 
same number of degrees, though the lift off speed will vary with weight. 

In a takeoff according to the new Handbooks, the plane is accelerating as 
it climbs through 50 feet, and it should continue to accelerate to V Y' the best 
rate of climb speed. As a rule this speed is obtained at full power when the 
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nose is pitched up about ten degrees. In fact, if the Bonanza is pitched up 
about ten degrees soon after takeoff and held in that attitude, it will acceler
ate to V x by 50 feet and continue to accelerate to Vy , at which point its 
speed will stabilize. So ten degrees nose up after takeoff is a good rough 
rule of thumb. 

V y should be maintained until the airplane is high enough to make a safe 
tum back to the airport. This is discussed at length in a later chapter of this 
book, but a thousand feet AGL is a good round number. 

The gear should come up when it could no longer do any good. Generally 
this means gear up afterthe far edge of the runway passes out of sight under 
the nose or the airplane reaches 500 feet AGL, whichever comes first. Re
tracting the gear at 100 feet is ludicrous if there is a mile of runway ahead, 
for if the engine should cough, one would face an almost certain gear up 
landing when one would otherwise simply land straight ahead. The "posi
tive rate-gear up" drill makes sense in a multi-engine airplane, and may 
make a single-engine pilot feel like a big-iron driver, but it is unsafe and out 
of place in a single except during a missed approach. 

Up until now we have assumed that the takeoff is from sea level. If that 
is not the case, then the takeoff is complicated by the need to lean as full 
power is applied. Since various Bonanzas have different engine instrumen
tation, there is no single answer as to how this is to be done. The A36 man
ual, for instance, says to set mixture "as required by field elevation" and 
elsewhere "lean to appropriate fuel flow". The appropriate fuel flow can be 
found in two places in the Handbook--on the Climb page or on the Fuel 
Flow vs Brake Horsepower page of the Performance section. For instance, 
the climb page says that full throttle and 2700 rpm should give a fuel flow 
of 19.7 gph at a pressure altitude of 6,000 feet. Interpolating from the Fuel 
Flow vs Brake Horsepower chart gives the same answer. So in a takeoff 
from 6,000 feet msl, the drill is to hold the brakes while setting full throttle 
and lean per the fuel flow gauge to 19.7 gph. 

In the N or P35 the procedure is about the same except that one leans to 
a fuel pressure cited on the Climb page. The F35 manual as well as the Con
tinental Service Bulletin on EGT discussed in the chapter on leaning simply 
say lean "to smooth engine operation." 

SHORT FIELD TAKEOFF 

For reasons known only to Beech, the new Handbooks make no refer
ence to short field takeoffs per se. The pilot inevitably concludes that flaps 
should be up for all takeoffs, even if maximum performance is desired. 
This is unfortunate. 
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Flaps on the Bonanza are slotted, and they have some Fowler action. The 
term "slotted" refers to the fact that there is a contoured gap between the 
wing and the leading edge of the flap. This means that high pressure air 
from beneath the wing is ducted to the upper surface of the flap, and this 
causes the wing's boundary layer to accelerate and to remain attached 
longer. This gives a higher maximum lift coefficient and lower stall speed. 
"Fowler" action simply means that the flap moves aft as it extends, and this 
increases the effective wing area. Slotted and Fowler flaps are quite effi
cient in that they create considerable increases in the maximum lift coeffi
cient of the wing (lower stall speeds), while contributing relatively little 
drag at moderate angles of attack and moderate deflection angles. 

All this leads one to believe that the Bonanza's flaps might do some good 
on a short field takeoff. After all, if partial flaps lower the stall speed and 
don't give much drag, couldn't we safely lift off at lower speeds with flaps 
down than with flaps up. But how far down should the flaps go and how 
much slower are we safe in lifting off? 

Fortunately, the old Handbooks were quite explicit on the subject of 
short field procedures. Flap settings of ten to twenty degrees were called 
for and lower liftoff speeds were listed. And, according to Beech flight 
tests at the time, the takeoff runs were reduced considerably. For example, 
the old Handbook for the C33A lists a normal takeoff distance over a fifty 
foot obstacle of 1800 feet, and with the short field technique the distance is 
about 1200 feet (sea level ISA standard day at 3300 pounds). 

The technique itself is simple enough-we simply use 20 degrees flap, 
lift off at 76 mph rather than 80, and maintain that speed to fifty feet. The 
following table summarizes the data from the old C33A Handbooks. 

Weight 

3300 
3200 
3000 
2800 
2600 
2400 

Takeoff Speeds lAS MPH 

Short Field Normal 
Liftoff~) 50' Liftoff.{r,.> 50' i.e, 

76 'b 76 80 10 90 1Z 
74 (,'-1 74 
71 1."2.- 71 

78 b% 89 17 
76 M. 86 7<; 

69 ~o 69 73 b, 83 7~ 
66 '01 66 70 (,/ 80 70 
63 S.. 63 67 £"'6 76 b(. 

As the reader can see, the short field liftoff speed is mOderately lower (4 
mph) than normal, while the fifty foot speed is considerably lower than 
normal. 

Adherence to these speeds is important for optimal performance. It can 
be shown that takeoff distance increases two percent for every one percent 
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increase in liftoff speed. So five extra miles per hour could easily increase 
takeoff distance by fifteen percent. 

It may seem odd to readers of the new Handbook to note that the pub
lished best angle of climb speed for the C33A is 95 mph, while the old 
Handbook calls for initial climb at 63 to 76 mph depending on weight. Why 
would anyone want to climb at a speed below V,? The answer is that the 
published value of V, in the new Handbook is appropriate only for 
maximum gross weight,flaps-up, and gear-up conditions. When flaps and 
gear are down, V, will be lower than published in the new Handbooks
and the difference is significant. For instance, the old C33A and N35 
Handbooks list the following: 

Gear and Flaps Up 
Gear Down 
Gear and Flaps Down 

Vx 

93 
80 
68 

C33A 
Vy 

109 
90 
77 

(Speeds are MPH, lAS at 5,OOOjeet at maximum gross weight.) 

Vx 

83 
71 
64 

N35 
Vy 

103 
85 
73 

Thus, the best angle speed for the C33A is about 25 mph less when gear 
and flaps are down, and though a fifty foot speed of76 mph may seem low 
in relation to the published V x of93, it looks fine when compared to the ad
justed V, of 68 mph. 

Those pilots who don't have access to the old Handbooks or who have 
highly modified airplanes will need to determine the gear and flap down 
values for V x and V yon their own. Luckily, a very simple experiment will 
yield these values. Climb to a safe altitude of, say, 2,500 AGLor more. We 
will use 5,000 msl for our example. At4,500 feet msl, drop the gear, lower 
ten to twenty degrees of flap, and open the cowl flaps. (Older Bonanzas, 
like the A35, were given 10° flap positions, newer versions were generally 
given 20°. The A36TC Handbook calls for 15° flap. It is easy to tell where 
20° flap is, incidently, since ailerons are rigged to deflect 20° ± 2°. One 
simply deflects an aileron fully down and then lowers flap to parallel the 
aileron.) Now add full power and trim to, say, 120 mph. Stabilize the 
airspeed in the climb and record the time (in seconds) it takes to climb from 
4,800 feet to 5,200 feet. Once this is done, descend to 4,500 feet again and 
repeat the exercise for 110 mph, and so on for 100, 90, 80, 70, and 60. 
When you get back home you can compute your average rate of climb in 
feet per minute (at 5,000 feet) by dividing 24,000 by your time to climb in 
seconds. For example, if the climb from 4,800 feet to 5,200 feet took 37 
seconds, your rate of climb would be 

24,000/37 = 649 feet per minute 
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Now make a graph plotting the data with airspeed on the horizontal and 
rate of climb on the vertical axes. When you fit a smooth curve through the 
data points, you should get something which looks like Figure 6.1, which 
was obtained by the author in a F33A at 2800 pounds at O°C and 5,000 msl. 
Best rate, V Y' is found at the peak of the graph at about 75 mph lAS. And 
best angle, V x> is found at the point where a line from the origin (where the 
axes cross) is just tangent to the rate of climb curve, at about 70 mph lAS. 
(These speeds need to be adjusted for different altitudes and weights, but 
we will defer discussion of that until the next chapter.) 

Armed with your new values for Vx and Vy with gear and partial flap, 
you can formulate your short field strategy. The drill will be to lift off just 
short of V x and climb through fifty feet at V x. 

Be prepared for the airplane to be light on its feet much earlier in the 
takeoff run than normal, and also be prepared for itto fly with a much lower 
pitch attitude than normal. The latter is due to the fact that with flaps ex
tended, it takes a lower angle of attack (compared with the flaps-up case) to 
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attain any given coefficient of lift. The takeoff trim setting is also a few de
grees more nose up. 

At moderate density altitudes and weights, the Bonanza will have fairly 
good performance with gear down and partial flaps, perhaps a climb of 500 
feet per minute or better, so one need not be in a big hurry to clean the 
airplane up. In fact raising the gear will momentarily add drag as the large 
inboard gear doors open, so we may want to be cautious about raising the 
gear too soon. In the older Bonanzas with slow gear cycle times, this is par
ticularly important. It would be a good idea to climb 400 feet or so before 
touching the flaps. The reason is that V x increases by twenty mph or more 
as the airplane cleans up, and it helps to have altitude to spare during the re
quired acceleration. We must also be prepared to raise the nose during flap 
retraction in order to maintain lift. Remember that any given coefficient of 
lift requires a higher angle of attack when flaps are up than when down. 
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CLIMB ANGLES WITH AND WITHOUT FLAPS 

An interesting point emerges when we compare the climb rates and 
takeoff profiles with flaps up and flaps down. Figure 6.2 shows full power 
rate of climb vs. airspeed for the F33A at 2,800 pounds and O°C at 5,000 
ms!. Notice that the airplane can attain a steeper climb gradient with the 
flaps up than with the flaps at 20 degrees. With flaps up, the best angle 
speed is about 88 mph lAS, where the climb rate is about 1150 fpm-this 
gives a climb angle of about 8 degrees. With flaps down, Vx is about 70 
mph lAS, the climb rate is about 750 fpm, and the climb angle is about 7 
degrees. Does this mean that one is better off climbing at 88 mph with the 
flaps up when there is an obstacle in the takeoff path? 

The answer is, not necessarily. And the reason is that it takes time and 
distance to accelerate to 88 mph. If the obstacle is close, it may be better to 
sacrifice some climb angle in favor of starting the climb sooner. Figure 6.3 
compares the obstacle vs. normal takeoff and climb profiles for a 2800 
pound F33A at 5,000 msl and O°c. The data comes from the Handbooks, 
the author's flight checks, and a little trigonometry. 

Both takeoffs start at point A. The obstacle takeoff profile is ABC. The 
airplane lifts off at point B at 70 mph lAS and climbs at that speed and 750 
feet per minute to point C. Gear is down and flaps are 20 degrees down. In 
this condition, the old Handbook says that the airplane lifts off in 876 feet 
and crosses through 50 feet AGL in 1200 feet. 

The normal takeoff profile is ADEC. In the normal takeoff, one lifts off 
at the 944 foot mark doing 73 mph, then accelerates to 84 mph by 50 feet. 
According to the old book, one should cross 50 foot AGL at the 1600 foot 
mark at point E. To simplify comparisons, we will suppose that at point E, 
the gear comes up and the airplane instantly accelerates to 88, the best 
angle speed for 5,000 feet MSL. From point E to point C, it climbs at 1150 
feet per minute at 88 mph. 

Note that the airplane climbs more steeply from E to C than from B to C, 
but the higher speed climb starts further down field. At point C, the two 
profiles cross. Beyond point C, the airplane doing the normal takeoff 
would be above the airplane doing the obstacle procedure, but prior to C the 
situation is reversed. 

Routine calculations show that point C is 3416 feet down field from the 
starting point and 320 feet AGL. Thus, for "short" obstacles in "close" one 
should use the obstacle procedure, while "high and distant" obstacles call 
for the normal takeoff. 

The purpose of this discussion is merely to point out the fact that such a 
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tradeoff exists. The reader is cautioned that the numbers presented here are 
for illustrative purposes only---<lifferent airplanes in different conditions 
will have different performance, and the airplane used in the example is a 
very light F33A. 

SUMMARY 

Liftoff and fifty foot speeds for normal takeoff are listed in all new Beech 
Handbooks. The speeds depend upon weight; but if the takeoff is done 
properly, the airplane always lifts off at the same nose up pitch attitude. 
Once this is learned, the airplane can be flown "visually." 

Liftoff and fifty foot speeds for short field takeoffs must be researched. 
They are found either in the old Handbooks or by flight test. In any case, 
the short field procedure is simple. Flaps go down to parallel (or almost 
parallel) a fully deflected aileron. Power should be full prior to brake re
lease. Liftoff near the gear down, partial flap, best angle speed and main-
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tain that speed until the obstacle is cleared. Be in no hurry to raise the gear 
and flaps. 

Partial flaps are also useful in soft field operations, where the idea is to 
keep the nose wheel light and lift off at minimal airspeed. 

CONCLUSION 

If the field is so short the pilot feels that he must use a very aggressive 
technique to depart and then still have slim margins, the attempt should be 
abandoned. This might mean landing elsewhere and renting a car, waiting 
for colder weather or better winds, offloading fuel, baggage, passengers, 
or whatever. But it is unforgiveable to risk the lives of innocent passengers 
while exploring the airplane's limits. 



60 Flying The Beech Bonanza 

A P35 on climb out. Photo courtesy of Bill Wagner. 

CHAPTER 7 

CLIMB 
An aircraft climbs when the engine-propeller combination develops 

more thrust horsepower than is required for level flight at the current speed. 
Theoretically, the rate of climb comes from the following equation: 

(I) ROC = (THPav -T~Pr) 33,000 

where ROC is the rate of climb in feet per minute, THP av is thrust horse
power available, THP, is thrust horsepower required for level flight, and W 
is weight in pounds. For example, an A36 at 3400 pounds requires about 98 
thrust horsepower for level flight, gear and flaps up at I IO mph CAS at 
5000 feet on an ISA standard day (see Figure 5.6 from the chapter on 
Thrust and Drag). If, under these conditions, the engine-prop actually 
develops 188 thrust horsepower, then there is 90 excess thrust horsepower, 
and the predicted climb rate would be 874 feet per minute (= 90 x 33000/ 
3400). 

Practically speaking, the pilot is interested in three different types of 
climbs-maximum rate climb, maximum angle climb, and cruise climb. 
We consider the first two initially. 

MAXIMUM RATE AND MAXIMUM ANGLE 

In a maximum rate climb, the airplane's vertical speed is as high as pos-
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sible. In a maximum angle climb, the climb path is as steep as possible. 
Figure 7.1 shows ROC as a function of calibrated airspeed (mph) for a 3400 
pound A36 at 5000 feet on an ISA standard day with gear and flaps up, full 
throttle and 2700 rpm. The data is taken directly from Figure 5.6 of the 
chapter on Thrust and Drag. It is easy to see that the maximum ROC occurs 
just below 110 mph CAS. This is V Y' the velocity for best rate of climb. It 
is only slightly less obvious that the best angle of climb occurs when the 
ratio of ROC to V is as high as possible. This is where a line from the origin 
just touches the ROC curve-just below 90 mph CAS in our example. The 
speed for best angle of climb is called V x' 

The new Handbooks publish the values for V x and V y in the Normal Pro
cedures section, but it is important for the pilot to realize that these speeds 
are appropriate at maximum gross weight at about 5000 feet density al
titude with gear and flaps up-if these conditions do not obtain, the pub
lished V x and V y values will be wrong, perhaps by 20 mph or more. This 
can be particularly important during a balked landing or during initial climb 
on an obstacle takeoff; in these cases gear and flaps are out, and the true V x 

and V y speeds are much lower than published. 

ROCfpm 

1000 
....... 

/ 

800 
/-

.....: ROC 
600 ...... 

/ 

400 
...... 

......-
200 ...... 

./ 

--..-
0 90 110 130 150 MPH lAS 

A36 3400 Ibs 5000 ft + 5°c CLEAN FULL THROTILE 2700 RPM 

FIGURE 7.1 



62 Flying The Beech Bonanza 

THE EFFECT OF CONFIGURATION 

Ideally, the pilot should know the Bonanza's V x and V y speeds for four 
basic airplane configurations: (i) gear and flaps up, (ii) gear and flaps fully 
down-for a balked landing, (iii) gear down and flaps 10 to 20 degrees
for an obstacle takeoff, and (iv) gear down and flaps up-for initial climb 
in a normal takeoff. We consider each in tum. 

(i) Gear and Flaps Up. The maximum gross weight values for V x and V y 

in this configuration are published in the Handbook. As weight drops, both 
of these speeds should be reduced. The rule of thumb for airplanes in the 
Bonanza category is to reduce V x and V y by one mph for each 100 pounds 
below maximum gross weight. Figure 7.2 shows how the THP, and ROC 
curves shift as weight drops from 3400 to 2600 pounds for an A36 Bonanza 
(5000 feet O°C). Notice that both V x and Vy values fall by six or seven mph 
as weight drops 800 pounds, which is near the rule of thumb prediction. 
Notice also that the ROC is considerably higher at the lighter weight, as 
equation (I) indicates. 

As the airplane climbs, the THP, curve shifts upward, and the THPav 
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curve shifts down (at least for normally aspirated engines). The result is 
that the ROC curve shifts down as the airplane climbs. It is also true that the 
values of V x and V y change with altitude. The old Handbooks provided an 
"A" shaped graph giving the altitude-corrected values for Vx and Vy . 

Figure 7.3 shows such a chart for the C33A. The new Handbooks give 
single values for V xand V Y' which are apparently valid at about 5000 feet 
density altitude, though Beech does not say so. The new Handbook gives 
only the speeds for points A and B in Figure 7.3. The pilot can use the 
speeds from the new Handbook to estimate the altitude-corrected speeds. 
For V Y' one would add a mph for every 1000 feet below 5000 and subtract 
a mph for every 1000 feet about 5000. For example, if the V y value in the 
new Handbook is 110 mph, the sea level value would be lIS and the 
10,000 foot value would be 105 mph. V x is corrected similarly except that 
one adds or subtracts one-half mph per 1000 feet, and one adds for altitudes 
above 5000 and subtracts for lower altitudes. 

(ii) The pilot will be vitally interested in climb performance during a go
around or balked landing, and at least during the initial phase of this man
euver, the airplane's gear and flaps will be down. The new Beech Hand-
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books do publish a balked landing speed, but nothing is said specifically 
about V x and V y when gear and full flaps are out. The old Handbooks did 
give max gross 5000 foot values for V x and V y in this configuration, and it 
is important to note that V x and V y drop by about 25 mph when gear and 
flaps go out. In the A36 for instance, V y drops from III to 78 mph and V x 

falls from 97 to 70 mph when the gear and flaps are extended, Figure 7.4 
compares the thrust horsepower required and ROC curves for the A36 
clean vs. gear and flaps down. Most Bonanza pilots would probably be sur
prised to note how strongly the airplane climbs in the landing configura
tion, and they would no doubt be even more surprised to note how slow V y 

is in this configuration. Note that when the gear and flaps are down, the 
Bonanza does not climb at all if the pilot flies at 110 mph, which is the pub
lished value (in the new Handbook) for V y. The most important operational 
implication of this is that· the pilot must never try to accelerate to his clean 
best rate of climb speed early in a go-around. As long as the gear and flaps 
are out, V y is actually much lower than the figure published in the new 
Handbook-it is actually close to the "over the fence speed" on landing. It 
follows that any attempt to accelerate initially in the go-around will be 
counterproductive. More on this in the chapter on Landings. 

(iii) In an obstacle takeoff, the Bonanza will have its gear down and 10 to 
20 degrees of flap extended. Again, the published values (in the new Hand-
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book) for V x and V y will be inappropriate. The thrust horsepower required 
curve will lie somewhere between the two curves shown in Figure 7.4, and 
the ROC curve will look something like that shown in Figure 7.5, which 
was derived experimentally at 5000 feet, O°C in an A36 weighing 3200 
pounds. Notice again that Vy is in the 75 to 80 mph CAS region, where the 
only published value in the new Handbook is 110 mph. The chapter on 
takeoff will cover this situation in detail. 

(iv) On a normal takeoff, the Bonanza begins its climb with the gear 
down and the flaps up. The higher parasite drag from the landing gear will 
shift the THP, curve up (compared with the clean THP, curve). This will 
both reduce the ROC, particularly at high airspeeds where parasite drag 
hurts most, and reduce the values of V x and V y. The old A36 Handbook 
showed V y falling from III to 87 mph and V x dropping from 97 to 78 mph 
as the gear is extended. If it is one's practice to climb at best rate after 
takeoff and to raise the gear only after losing sight of the far threshold or 
reaching 500 agl, then one should be aware that the appropriate V y is not 
the value published in the new Handbook. 
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CRUISE CLIMB 

One of the virtues of having the THP, curve is that it tells us the rate of 
climb at airspeeds other than those shown in the Beech climb charts. One 
question we can settle with this information is whether or not it pays to 
cruise climb the Bonanza. The problem is actually quite complex in that 
THP avo THP" and ROC will all vary with altitude during the climb; and the 
airplane actually accelerates during a climb at constant indicated airspeed, 
as the falling air density ratio translates a given lAS into higher and higher 
true airspeeds. To keep the problem manageable, we assume the following: 
A 3600 pound A36 climbs to 8000 feet on a standard day using 2500 rpm 
and 25 inches mp (or full throttle). The rate of climb at any given airspeed 
is assumed to be constant from sea level to 8000 feet. The assumed climb 
value is the ROC at 5000 feet as read from the THP curves. (The applicable 
curves are not shown here. ROC will actually be higher below 5000 feet 
and lower above 5000 feet, so this represents an average.) 

The results are shown in Table I. Column I shows a variety of possible 
indicated airspeeds for climb, and column 2 gives the resulting rate of 
climb in feet per minute. Column 3 is the time to climb in minutes. Column 
4 is the true airspeed at 4000 feet-midway in the climb. The T AS at 4000 
feet is used to generate the distance to climb shown in column 5. (Column 
5 = column 4 x column 3.) 

Table 1 

VmphCAS ROC 
Time to VmphTAS 

Climb (min) @4000ft. Dclimb Dcruise DTOTAL 

120 756 10.58 127 22.4 25.5 47.9 
130 730 10.96 138 25.2 24.3 49.7 
140 660 12.12 149 30.1 20.6 50.7 
150 556 14.39 159 38.1 13.4 51.5 
160 430 18.60 170 52.7 0 52.7 

The airplane climbing at 120 mph reaches 8000 feet eight minutes ahead 
of the airplane climbing at 160 mph. During that eight minutes, it is as
sumed to have a T AS of 191 mph. It will thus cover 25.5 miles during the 
eight minutes. This is shown as Distance at cruise in column 6, and is 
figured similarly for other climb speeds. The last column shows the total 
distance covered over the ground in 18.6 minutes. The result is that the 
Bonanza climbing at 160 mph is about five miles ahead of the Bonanza 
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climbing at 120 when they are both finally level at 8000 feet. 
Of course the five mile advantage is just an approximation, but the gain 

is large enough that it would probably survive a more exacting computa
tion. The reason for the gain is partly that the "cleanliness" of the Bonanza 
gives a slow buildup in THP, as airspeed rises past 120 mph, and this means 
climb does not drop off rapidly as climb airspeed increases. But is is prob
ably equally important that propeller efficiency rises as true airspeed rises, 
so there is actually more THPav when climbing at the higher speed-actu
ally about four percent more THP av at 160 mph than at 120 mph-and this 
is "free" energy. See the chapter on Thrust and Drag for more detail. 

CONCLUSION 

If the pilot wants to really understand his airplane's climb characteris
tics, he or she will simply have to experiment with the airplane (perhaps 
with the help of a flight instructor). Suppose one wishes to know V x and Vy 
for an A36 at 5000 feet and 3200 pounds with gear out and half flaps-this 
is the short field takeoff configuration. What one should do is load the 
airplane to 3200 pounds and climb to 4500 feet. Extend the gear and half 
flaps, feed in full power, and trim for, say, 110 mph. Start a stopwatch 
when crossing through 4800 feet, and stop it at 5200 feet. The average rate 
of climb at 5000 feet will be 24,000 divided by the time in seconds from the 
stopwatch. Continue the experiment at 100, 90, 80, 70, and 60 mph. Once 
on the ground, a chart like our Figure 7.5 can be constructed, and V x and V y 

determined. It would be a good idea to also note the pitch attitude for vari
ous airspeeds, so when the experiment is concluded one has not only an 
airspeed but also a pitch attitude target for the maximum performance man
euver. We found for instance that the Bonanza is pitched up about 12 de
grees in a Vy climb with gear down and half flaps. Note that these speeds 
must also be adjusted for different weights and altitudes as explained in 
section (i) above. 
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CHAPTERS 

CRUISE * 
Several other chapters cover some special topics related to cruise flight. 

The next two chapters, for instance, take up the subjects of leaning and in
strument flight. And later chapters cover various emergencies which occur 
in cruise, including maximum range cruise. In this chapter we look at the 
issue of selecting the optimum altitude as a function of trip length, when the 
percent power to be used is given. 

Many pilots habitually fly their airplanes at a fixed percentage of 
maximum continuous power. One might hear a pilot say, for instance, that 
he or she always cruises at 65 percent power. In cruise, the 65 percent 
power page from the Performance section of the Beech Handbook is open 
and the rpm and mp are set according to the altitude and temperature. (The 
new Beech Handbooks offer only one rpm-mp combination for any par
ticular power setting. The old Handbooks offered two or three possible set
tings. The best source, however, is Continental's Operator's Manual for 
the specific engine-this offers an infinity of possible rpm-mp combina
tions for any desired power level.) 

The question we take up first is, given that one has decided what percen
tage of power to use in cruise, how high should one climb on a trip oflength 
X, if one wants to complete the trip in minimum time? The choice of al
titude involves a tradeoff. On the one hand, at a constant fuel flow and 
power setting, true airspeed generally increases with altitude, so it pays to 
be high. On the other hand, the higher one goes, the longer one has to 
* IMPORTANT: V-tail pilots should refer to the Addendum Oll page 165. 
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climb, and the climb itself is relatively slow and inefficient. Intuitively, the 
longer the trip, the higher it pays to climb. But how long is "long" and how 
high is "high"? 

The next two sections answer these questions in detail using the Hand
book for the V35B. The answers we get will be very close to accurate for 
any of the normally aspirated 285 hp Bonanzas, and the methods we use 
can be transferred directly to other models. We check 65 and 75 percent 
power only. 

HOW HIGH - AT 75 PERCENT POWER 
(OR FULL THROTTLE AND 2500 RPM) 

We assume that the airplane departs from sea level on an ISA standard 
day weighing 3,400 pounds. It climbs per the Handbook using 25 inches 
mp (or full throttle) and 2500 rpm indicating 123 mph. Time, fuel, and dis
tance (statute miles) to climb to various altitudes are shown at the left edge 
of Table I. The values are read from charts in the Handbook and, due to the 
small scale of the Beech drawings, are subject to error. 

We assume that the pilot descends by trimming for 180 mph lAS and re
ducing power for a 500 foot per minute descent. Our experience indicates 
that the descent should require about 140 brake horsepower and 10.2 gal
lons per hour. The time, fuel, and distance to descend are shown in Table 1 
to the right of the climb data. For simplicity we assume that the true 
airspeed throughout the descent equals the true airspeed at the mid-point of 
the descent. 

Table 1 
V35B at 75% Power or Full Throttle and 2500 rpm 

Climb Descent Cruise 
Alt. Fuel Time Dist. Fuel Time Dist. Fuel Time Dist. TAS 

S.L. 0 0 0 0 0 o IS.2Te 6OX!l87 X 187 
2,000 .9 2.S S.O .68 4 12.3 IS.2Te 6O(X-17.3)!l91 X-17.27 191 
4,000 1.8 S.S 11.0 1.36 8 24.8 lS.2Te 6O(X-3S.8)/194 X-3S.8 194 
6,000 2.8 9.0 17.0 2.04 12 38.0 lS.2Te 60(X-5S)/197 X-SS.O 197 
8,000 3.8 12.0 23.0 2.72 16 51.2 14.4Te 6O(X-74.2)!l96 X-74.2 196 

10,000 4.9 16.0 31.0 3.40 20 6S.0 13.STe 60(X-96)!l94 X-96.0 194 
12,000 6.5 22.0 44.0 4.08 24 79.2 12.6Te 60(X-123.2)/190 X-123.2 190 
14,000 8.6 31.0 67.0 4.76 28 93.8 11.6Te 60(X-160.8)!l86 X-160.8 186 
16,000 12.0 45.0 98.0 S.44 32 108.8 11.0Te 60(X-206.8)!l82 X-206.8 182 

Tc "'" time at cruise; Distance is statute miles; Time is in minutes; speed in mph) 
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If X is the trip distance, the length of the cruise segment is X minus the 
distance used in climb and descent. The time at cruise in minutes is 60(X -
climb and descent distance) divided by true airspeed in cruise in miles per 
hour. We assume zero wind for the moment. 

With a little algebra, it can be seen that the total trip time in minutes as a 
function of total trip length is given by the equations in Table 2. For exam
ple, a 300 mile trip at 4,000 feet would take 2.43 + (.309)(300) = 95.12 
minutes. The same trip at 12,000 feet would take 7.09 + (.316)(300) = 
101.89 minutes. 

Table 2 
Trip Time as a Function if Distance (X) 

Trip Time Equation 
Altitude (T in minutes) 

S.L. 
2,000 
4,000 
6,000 
8,000 

10,000 
12,000 
14,000 
16,000 

T = .321X 
T = 1.07 + .314X 
T = 2.43 + .309X 
T = 4.25 + .305X 
T = 5.29 + .306X 
T = 6.31 + .309X 
T = 7.09 + .316X 
T = 7.13 + .323X 
T = 8.82 + .330X 

The envelope of optimal altitudes can be shown graphically as in Figure 
8. 1 . (The vertical scale is exaggerated.) Each line shows trip time as a func
tion of distance for a flight climbing to the altitude marked on the line. It 
can be seen from the Figure, that a trip of 152 statute miles or less is fastest 
at sea level. Between 152 and 277 statute miles, 2,000 feet is best. From 
277 to 455,4,000 feet is the fastest altitude. And for distances beyond 455, 
6,000 feet is fastest. (The critical values, i.e., the points where the lines 
meet, were determined algebraically from the equations in Table 2.) 

If speed alone is the object, it never pays for a V35B to climb above 
6,000 in still air. The reason for the 6,000 foot limit is that 6,000 feet is the 
highest density altitude at which the normally aspirated engine is capable of 
attaining 75 percent power. If the climb goes above 6,000 feet, not only 
does one lose time in the longer climb, but one also gives up true airspeed 
in cruise as the available power drops off. 

A turbocharged airplane presents the same basic issues, except that there 
is much greater range of altitudes to choose from. The V35B-TC, for in-
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stance. has a critical altitude of 24.000 feet at 75 percent power, so its true 
airspeed rises with constant power and constant fuel flow all the way to 
24,000 feet. Data for the V35B- TC is shown in Tables 3 and 4 and Figure 
8.2. As expected, we see that longer trips justify higher climbs, but we also 
get some feel for the proper quantitative relationship between "long" and 
"high" , 

ALTITUDE FOR BEST SPEED - 65 PERCENT POWER 
(OR FULL THROTTLE AND 2300 RPM) 

Table 5 shows the data for 65 percent power for the normally aspirated 
V35B. In keeping with the slower cruise assumption, we assume that the 
descent is conducted at 500 feet per minute at the indicated cruise speed. 
The trip time equations are shown in Table 6, and the envelope of optimal 
altitudes is given in Figure 8.3. 
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Table 3 
V35B-TC 75 Percent Power 

Climb Descent Cruise 
All Time Dist. Time Dist. Time Dist. TAS 

S.L. 0 0 0 0 60XIl90 X 190 
4,000 5 13 8 26 60(X·39)1198 X-39 198 
8,000 10 25 16 53 60(X·78)/205 X· 78 205 

12,000 16 40 24 80 60(X ·120)1212 X·120 212 
16,000 23 58 32 109 60(X·167)/218 X-167 218 
20,000 30 79 40 137 60(X·216)/224 X-216 224 
24,000 39 102 48 170 60(X·272)1230 X·272 230 

(Time is ill minutes; Distance is statute miles; speed is mph) 

AIt, 

S.L. 
2,000 
4,000 
6,000 
8,000 

10,000 
12,000 
14,000 
16,000 

Table 4 
Trip Time as a Function of Distance (X) 

Alt 

S.L. 
4,000 
8,000 

12,000 
16,000 
20,000 
24,000 

Time (minutes) 

T = .316X 
T = 1.18 + .303X 
T = 3.17 + .293X 
T = 6.03 + .283X 
T = 9.03 + .275X 
T = 12.14 + .268X 
T = 16.04 + .2609X 

Table 5 
V35B at 65% Power or Full Throttle and 2300 rpm 

Climb Descent Cruise 
Fuel Time Dist. Fuel Time Dist. Fuel Time Dis! TAS 

0 0 0 0 0 o 13.3Tc 6OX/176 X 176 
.9 2.5 5 .6 4 11.9 13.3Te 6O(X·16.9)/179 X·16.9 179 

1.8 5.5 II 1.2 8 24.0 13.3Te 60(X·35)/182 X·35 182 
2.8 9.0 17 1.8 12 35.5 13.3Te 6O(X·52.5)/185 X·52.5 185 
3.8 12.0 23 2.4 16 47.0 13.3Te 60(X·70)/187 X·70 187 
4.9 16.0 31 3.0 20 57.0 12.3Te 60(X·88)1184 X·88 184 
6.5 22.0 44 3.6 24 66.5 lUTe 6O(X·IIO.5)/181 X·IIO.5 181 
8.6 31.0 67 4.2 28 73.0 10.7Te 6O(X·140)/175 X·140 175 

12.0 45.0 98 4.8 32 80.0 1O.0Tc 6O(X·178)/169 X·178 169 
Tc is time in cruise; Distance is statute miles; Time is in minutes; speed in mph) 
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Table 6 
Trip Time as a Function of Distance (X) 

V35B 65 Percent Power or Full Throttle, 2300 rpm 

ALTITUDE TRIP TIME 
S.L. 

2,000 
4,000 
6,000 
8,000 

10,000 
12,000 
14,000 
16,000 

T = .3409X 
T = .85 + .3344X 
T = 1.96 + .3296X 
T = 3.97 + .3243X 
T = 5.54 + .3210X 
T = 7.30 + .3261X 
T = 9.37 + .3315X 
T = 11.00 + .3429X 
T = 13.80 + .3550X 

The familiar pattern is observed, though it now pays to climb as high as 
8,000 feet on a long trip (475 sm or longer). Again, the reason for not going 
higher is that the V35B cannot maintain 65 percent power above 8,000 
feet. Also, note how low the best-speed altitude is for a moderate length 
trip of 350 statute miles-"only" 4,000 feet at 65 or 75 percent power. 
Most pilots would probably fly such a trip at a higher altitude. One can only 
sunnise that either they have not done their homework, or they are in
terested in something other than maximum block to block speed. 

TRIP TIME VS. FUEL USED 

No doubt fuel consumption is the other consideration. Table 7 and Fi
gure 8.4 present data on the fuel consumption versus trip time for the 350 
mile trip flown at 75 and 65 percent power. Notice first of all from Figure 
8.4 that if any point (like A) lies below and left of another point (like B), A 
would be more efficient than B, since both fuel consumption and trip time 
are lower at A than B. Notice also that the tradeoff curves are both "C" 
shaped, with upsloping sections at both ends. The ups loping ends of the 
curves are all inefficient, i.e., other things equal, the pilot would avoid 
them. First of all, this means that it always makes sense to climb to at least 
the minimum trip-time altitude. For example, one goes faster and uses less 
fuel at 4,000 feet than at sea level on both curves. Second, the "curl up" at 
high altitude (the bottom of the "C" shaped curve) is evidence of the fact 
that too long a climb is inefficient on a relatively short trip. Third, the por
tion of the 65 percent curve between 4,000 and 10,000 feet is "dominated 
by" (is less efficient than) the segment of the 75 percent curve (actually full 



throttle and 2500 rpm at this altitude) between 10,000 and 14,000 feet
that is, a plane flying the trip at 6,000 feet at 65 percent power will be both 
slower and less fuel efficient than one flying at 11,000 feet at full throttle 
and 2500 rpm. 
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Table 7 
Time and Fuel Used on 350 SM Trip 

V35B 

75 Percent Power 65 Percent Power 
FuelUsed Fuel Used 
Climb + Climb + 

AIt, Time Cruise Descent Total Time Cruise Descent Total 
S.L. 112.35 28.45 + 0 28.45 119.32 26.45 + 0 26.45 

2,000 110.97 26.48 + 1.58 28.06 117.89 24.75 + 1.5 26.25 
4,000 110.58 24.60 + 3.16 27.76 117.32 23.02 + 3.0 26.02 
6,000 111.00 22.76 + 4.84 27.60 117.48 21.39 + 4.6 25.99 
8,000 112.39 20.26 + 6.52 26.78 117.89 19.91 + 6.2 26.11 

10 ,000 114.46 17.68 + 8.30 25.98 121.43 17.51 + 7.9 25.41 
12,000 117.69 15.04 + 10.58 25.62 125.40 15.22 + 10.1 25.32 
14,000 120.18 12.00 + 13.36 25.36 131.02 12.84 + 12.8 25.64 
16,000 124.20 8.65 + 17.44 26.09 138.05 10.17 + 16.8 26.98 

Eliminating all of the inefficient regions, we end up with the combined 
efficiency envelope-trade off curve for the 350 mile trip, It is shown as a 
double line, Where one decides to go on the combined envelope is a matter 
of choice-there is no science to the selection. Pilots with a high priority 
for speed gravitate toward the upper left section, and those favoring eco-
nomy choose points on the lower right. 

Similar curves can be derived for other trip lengths. 

THE EFFECT OF WIND 

Thus far we have assumed that the flight is in still air. If the wind is blow
ing, particularly if it varies in direction and strength with altitude (which it 
always does), the computations of the previous section become too com
plex for longhand solution. Several commercially produced computer 
programs are available for this purpose, however. The pilot feeds in the 
performance data for the airplane together with the forecasts for the winds 
aloft at various altitudes, and the computer gives the projected trip time and 
fuel burn for various altitudes, 

If the winds aloft forecasts were highly accurate, the computer solution 
would be quite worthwhile. But as every pilot knows, the wind is the most 
fickle ingredient in a flight. All in all, it is probably better to pick an altitude 
intuitively and then experiment, rather than spend fifteen minutes feeding 
dubious wind data into an elegant computer. (As my former professor, 
Kenneth Boulding, used to warn about computers, "Garbage in, garbage 
out. ") 
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The idea is this: Find your favorite still-air altitude for the given trip 
length using the method outlined in the previous section, Remember that 
this is partly science (eliminating the upsloping parts of the "c" shaped 
curves) and partly personal taste or preference (picking which of the effi
cient fuel consumption/trip time points is preferable), Given this "best" 
still-air altitude, go higher with a tailwind and lower with a headwind, 
Once in cruise at the desired altitude, check the headwind or tailwind com
ponent by comparing true airspeed against the groundspeed, If the wind is 
stronger than expected, go higher in a tailwind or lower in a headwind, 
Don't be reluctant to hunt for favorable winds, 

Two notes: First, the chapter on maximum range offers a more detailed 
analysis of the effects of headwinds and tailwinds, Second, if one com
monly cruises at less than 75 percent power, one might find that it "pays" to 
use more power in a headwind, 

OTHER FACTORS 

In reality, the choice of altitudes involves much more than time enroute 
and fuel consumption, Considerations of terrain, weather, ATC, turbu
lence, oxygen availability, radio reception, glide range, etc" will always 
intrude, The point of this chapter is to help the Bonanza pilot find an "ideal 
altitude" which can serve as a starting point for cruise altitude selection, 
One's method might be to determine the optimum on the basis of time en
route and fuel consumption, and then adjust this upward or downward to 
account for the other factors, Like much of flying, the altitude selection 
process is part science, part personal preference, and a good deal of com
promise, 
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CHAPTER 9 

LEANING 
Many of the Bonanzas' Operating Handbooks are not very explicit on 

the subject of leaning, especially with regard to exhaust gas temperature 
(EOT) , Even the new manual for the straight 35 leaves the pilot with the 
rather vague instruction to lean "to smooth engine operation" during climb, 
Checking Beech's recommendations in the N35, we see that the advice is to 
"lean to the appropriate fuel flow," presumably using the old-fashioned, 
inaccurate fuel flow (actually, fuel pressure) gauge, Though following this 
advice is not likely to lead to any serious problems, it does not give the pilot 
much guidance in using his preferred leaning tool - EOT, With fuel and 
maintenance costs high and some engines burning the wrong fuel, there is 
considerable incentive to learn how to lean more accurately, 

THE CONTINENTAL SERVICE BULLETIN 

Fortunately, we do have authoritative information on how to lean with 
EOT, Continental Motors has issued a Service Bulletin (M76-19) on the 
proper use of EOT, "when specific airframe manufacturers instructions are 
not available," The following will summarize and amplify that bulletin, but 
we first give a brief general discussion of EOT, 



Leaning 79 

Most pilots know that if you begin at full rich and slowly lean the mix
ture, the EGT will rise to a peak and then fall off. The reason rich mixtures 
give low EGT is that some of the fuel in the cylinder is not being burned in 
the power stroke, and the excess fuel cools the exhaust. At very lean set
tings there is excess air in the cylinder, and this too has a cooling effect. At 
the peak, the complete charge of fuel and air is being burned. In a very real 
sense, peak EGT represents an optimum, it is the setting at which we get 
maximum energy from a given fuel input. Besides this, there are other 
reasons for prefering peak EGT. On the rich side of peak, we waste fuel and 
encourage plug fouling. On the lean side, we run the risk of a lean misfire 
or detonation, plus the excess oxygen contributes to exhaust valve oxyda
tion. 

One of the reasons the engine is not always operated at peak EGT is that 
it would run too hot at high power settings. This would be particularly det
rimental to the exhaust valves. For this reason, we run extra rich at high 
power and let the excess fuel absorb some of the heat. Running rich, like 
opening the cowl flaps, is a means of lowering cylinder head temperatures. 

CONTINENTAL'S RECOMMENDATIONS FOR 
SIX-PROBE INSTALLATIONS 

In discussing the Continental recommendations we will assume initially 
that the aircraft is equipped with a six probe EGT. If so, Continental recom
mends the following: 

1. Takeoff and climb. Use full rich at sea level, and "lean only to avoid 
engine roughness or noticeable power loss" at altitude. 

2. Maximum cruise. At 75% power, do not lean below 50°F. rich of 
peak for the leanest cylinder. For best power use 100° to 150° rich of 
peak. 

3. Economy cruise. At 65% power or less, leaning to peak EGT for the 
leanest cylinder is approved. 

The only source of confusion here is over the term "leanest cylinder." 
The leanest cylinder at any particular power setting and altitude is the one 
that reaches its peak EGT first as you retard the mixture - it is not the cylin
der with the highest EGT. Suppose the pattern ofEGTs for all six cylinders 
is as shown in Figure 9.1. The leanest cylinder is # 1. Numbers 5 or 6 will 
always have the highest EGT readings, but # I is the leanest, i.e., it peaks 
first. The importance of this is that if we lean to peak using #5 as a refer
ence, we will be operating with three cylinders on the lean side of peak. 

To complicate matters, as altitude and power settings change, the iden
tity of the leanest cylinder will also change. This has been established in ex-
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tensive tests by A1cor and by experiment in the Bonanza by a number of 
ABS members. So we may not be safe in always leaning by reference to 
one particular cylinder, thinking it is the leanest. Instead, once we are level 
at cruise, we must identify the leanest cylinder, and then lean the engine. 
This rather complex task is made much simpler by the new "automated" 
EGTs. 

Note that for high altitude takeoff and climb, Continental recommends 
leaning only to avoid roughness or power loss, i.e., no specific advice on 
EGT is offered. Those owners with fuel injected engines can follow 
Beech's advice and lean by fuel flow. The N35 manual, for instance, says 
that the takeoff fuel flow should be 15.6 gph at 10,000 feet density altitude. 
So the takeoff procedure at 10,000 feet in the N35 would be to set full 
power and lean to 15.6 gph prior to brake release. But the standard fuel 
flow gauge is not very accurate, and most pilots would still consult their 
EGTs. 

Owners with carburetted Bonanzas have nothing specific from Beech or 
Continental to fall back on for high altitude takeoff. Many Bonanza pilots 
use EGT for high density altitude takeoff by leaning to 150°F. richer than 
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the point at which EGT peaks when power is 65 percent. That is, find your 
peak in cruise at 65% power and set the indicator's reference line there. On 
some indicators this will be very near the point marked "*,, on the indicator. 
Then on a high altitude takeoff, lean to 150°F. rich of the * or reference line 
- don't find your full power peak and richen 150°F. from that, or you will 
run too hot. Another high altitude takeoff technique, likely to amount to the 
same thing, is to note your EGT on a sea level takeoff and lean to that point 
on any high altitude takeoff. 

The reason for being 150°F rich of peak at high power settings is only in 
part to increase cooling. The fact is that at any mp-rpm combination, power 
is at a maximum with EGT lOO°F to 150°F rich of peak. 

We should be relatively cautious in leaning for takeoff and climb. The 
engine is more vulnerable to problems from overleaning at these high 
power settings. And when you look at the numbers, there is really not much 
to be gained from aggressive leaning at this time anyway. The Bonanza is 
a good climber and is likely to be at cruise altitude in fifteen or twenty mi
nutes, so if the fuel flow in climb varies 2-3 gph with aggressive leaning, 
the total savings from being lean in climb is only in the neighborhood of 
one-half to one gallon. 

SINGLE PROBE INSTALLATIONS 

So far we have been supposing that the aircraft is equipped with a six 
probe EGT. If not, it should be clear that some extra caution is called for. 
The reason is obvious from Figure 9. I. If we have a single probe attached 
to the wrong cylinder, we may be leaning one or more cylinders past peak 
- and remember, there is no one leanest cylinder under all circumstances. 

Two types of single probe installation are in common use. One puts the 
probe on the suspected leanest cylinder; and the other locates the probe in 
the exhaust manifold downstream of three cylinders, so it measures a sort 
of average EGT. Continental explicitly recommends that owners with the 
latter type installation fly 25°F. richer than they would if they knew they 
were monitoring the leanest cylinder. For example, at 65% power, lean to 
25°F. rich from the indicated peak. It would probabl y also be a good idea to 
follow this advice when leaning with any single probe instrument, even if it 
is on the alleged leanest cylinder. 

The new Beech Handbook for the 10-520 powered A36 allows more ag
gressive leaning than the Continental Bulletin suggests. Specifically, even 
with a single probe installation, Beech approves leaning to 25 degrees rich 
of peak at 75% power or less. The Continental Bulletin would call for 75 
degrees rich (50 plus 25 for having a single probe) at 75 percent power. 
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LEANING IN DESCENT 

Most engines have an automatic enrichment feature designed to protect 
against too lean a mixture at high power settings. The way it works is this: 
As the throttle advanced, the last inch or so of throttle travel enrichens the 
mixture. You can see this work by watching the EGT or fuel flow as the 
throttle is advanced. In high altitude cruise, the throttle will be fully open 
and the mixture will be enriched by the effect of the throttle, but the pilot 
will override this enrichment with the mixture control. If the descent is 
started by reducing throttle, the mixture will instantly become too lean be
cause of the lost throttle-activated enrichment. The solution is to enrich the 
mixture one or two gallons per hour prior to retarding the throttle for des
cent. The reader might experiment with his or her own engine to see how 
much is required. 

SUMMARY 

We summarize and add some final caveats on leaning. 
I. If Beech gives specific instructions on leaning by EGT, follow them 

and not this chapter or the Continental Bulletin. This applies princi
pally to owners with turbocharged and 10-550 engines. This chapter 
is aimed at operators of the other engines. 

2. Always let CHT and oil temperature considerations dictate over 
EGT, i.e., if leaning to peak EGT at 65% sends CHT near the red 
line, take care of the CHT problem. That means open the cowl flaps 
and/or enrich the mixture. 

3. Find your peak EGT for 65 percent power, and never exceed that 
value at higher power settings. This is Alcor's recommendation, and 
it is probably very good advice. 

4. With a single probe downstream of three cylinders, fly 25'F. richer 
than all of the above recommendations to avoid getting the leanest 
cylinder on the wrong side of peak. 

5. With a single probe on what is though to be "the" leanest cylinder, 
you should also fly richer than the above recommendation, since that 
cylinder may not actually be the leanest under all circumstances. 
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CHAPTER 10 

IFR BY THE NUMBERS 
Pilots who practice "flying by the numbers" are likely to tell you "power 

plus attitude equals performance." This is a fairly old saying among avi
ators, but it is getting increasingly popular because of a recent book, Posi
tive Flying, by Richard Taylor and former ABS Executive Director Will
iam Guinther. (The present chapter owes much to this excellent book, and 
I highly recommend it to all Bonanza pilots.) 

To say that power plus attitude equals performance is, or should be, non
controversial. It is merely an implication of the physics of flight. Though it 
would probably be more accurate to say, "Power, plus attitude, plus con
figuration equals performance," where "configuration" refers mainly to 
gear and flap positions. 

But flying by the numbers is more than just flying with the realization 
that power plus attitude plus configuration equals performance. In a way it 
is flying in a rut, or a small number of ruts, and getting to know one's ruts 
like old friends. Let me explain. 
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THE RUTS 

Most flights, especially instrument flights, are made up of a small 
number of "segments," "regimes," or "ruts." (We'll use those terms inter
changeably.) Consider Figure 10.1. Segment I consists of the takeoff roll 
and full-power climb. Segment 2 is the cruise climb. Segment 3 is the en
route phase, and 4 is the enroute let down. 

There will often be some maneuvering around the final approach fix, as 
in regime 5, and this will be followed by a descent to minimums, which is 
segment 6. On a non-precision approach, we usually level off at the 
minimum descent altitud" and proceed to the missed approach point, which 
defines segment 7. Following segment 7, we either proceed to the runway, 
regime 8, or do a missed approach, segment 9. If we are on an ILS, we skip 
regime 7 and go from 6 to either 8 or 9. In any case, the flight consists of 
only eight or nine segments, regimes, or ruts. 

Now imagine how much simpler one's flying would be, if, instead of 
having throttle, prop, mixture, trim, gear, flaps and cowl flaps, one simply 
had nine buttons to choose from - one for each regime. At 500 to 1,000 feet 
with button 1 pressed, we simply press 2 and transition from one regime to 
the next - no separate adjustments are made to throttle, prop, mixture, trim, 
etc. All one would have to do is navigate, communicate, and monitor sys
tems and performance. The last task would be especially easy, because the 
mechanical pilot would, presumably, always fly each segment the same, so 
we would get to be very familiar with what each segment ought to look like. 
For instance segment 2 might always look like so: MP = 25", RPM = 
2500, pitch = 5° nose up, lAS = 130 mph, VSI = 800-1,200, depending 
upon weight and density altitude. 

3 

2 
9 

6 
7 

FIGURE 10.1 



Segment 1. Initial climb. 

Segment 2. Cruise climb. 



Segment 3. Cruise. 

Segment 4. High speed let down. 



Segment 5. Level near the FAF 

Segment 6. Descent to minimums. 



Segment 7. At the MDA. 

Segment 9. Missed approach. 
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The idea of flying by the numbers is to get to know these regimes or ruts 
and the transitions between them and to always do one's flying in the ap
propriate rut. The virtue of this approach is that it greatly simplifies the 
mechanics of flying. One doesn't end up playing every flight path adjust
ment by ear, tweaking the throttle, guessing about the appropriate trim ad
justment or pitch change, etc. Instead, one has a known power, attitude, 
and configuration (PAC) setting that will always produce the same familiar 
performance. Transitions are always from one well known PAC setting to 
another; and with time and practice, the transitions will be accomplished by 
habit in one smooth stroke. 

A pilot who flies by the numbers has a preconceived idea about how to 
accomplish each pilot operation or flight segment, and he or she tends to set 
up each regime in a regimented and consistent manner-always as much 
the same as possible from one flight to the next. And further, the pilot who 
flies this way will look for the simplest means of configuring and re-con
figuring the airplane for each flight segment. 

In the next few pages, we will consider the PAC settings which experi
ence has shown work well in the Bonanza. My intention is not to present 
these as dogma. After some experimentation, one may choose to do things 
differently in his or her airplane. That is fine. The important thing is to find 
a system that works, and stick with it. The virtue of the system advocated is 
simply that it works-and it is Simple. Other systems may also work well. 

For purposes of illustration, we will discuss PACs for the 10-520 pow
ered Bonanzas, though the same basic technique will work with some mod
ification on any Bonanza. 

NEAR THE FINAL APPROACH FIX 

We begin with a look at the critical segments,S, 6, 7, 8, and 9. It is in 
these segments that our adrenaline begins to flow. We are at the end of a 
long flight, the kids are restless, the pace of the navigating and com
municating is picking up, perhaps we are studying an unfamiliar approach 
plate, we are busy, excited. What we need most at this stage is a routine, a 
pattern of doing things that we know from experience will succeed. 

In deciding on such a pattern, what we need first is a working speed. We 
need a speed that is slow enough to give us time to think and slow enough 
that we can drop the gear anytime. On the other hand, the speed must be 
fast enough to produce good control feel, to keep A TC happy, and to re
duce the effect of the wind. 

All things considered, 120 mph (105 kts) lAS is a good number. On a 
warm day at four or five thousand feet, that will produce a true airspeed of 
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almost 120 knots, and this simplifies a lot of the navigational arithmetic. 
We go two miles per minute, the time from the final approach fix to the 
missed approach point is shown exactly (i.e., no interpolation is necessary) 
on the approach plate, and we come down a 3° ILS with 550 feet per minute 
of sink. 

LOW SPEED CRUISE 

Our first order of business is then to see what power and attitude combi
nation will produce 120 mph lAS in level flight with the gear and flaps up. 
My experience is that in any normally aspirated Bonanza, 14"-16" MP plus 
about two degrees nose-up pitch will give the desired result. RPM is not 
particularly important at this stage, any setting in the 2,200 to 2,500 range 
will do. For turbo charged models, the manifold pressure will typically be 
about three inches higher. If you can't read your exact pitch in degrees on 
your old fashioned attitude indicator, you'll have to think in terms of "bar 
widths" above or below the artificial horizon line. This is less convenient, 
but good enough. In any case, you should go out and fly your plane and see 
what it takes to get level flight at 120 mph lAS. Take a clipboard and jot 
down your result. Get to know the numbers and the feel of things at this 
PAC, because it will be one of your most important ruts. 

LET DOWN TO MINIMUMS 

From regime 5, we transition to 6 for a descent either along the glide 
slope (for an ILS) or to the minimum descent altitude (for a non-precision 
approach). We could do this any number of ways -we could drop the gear, 
lower flaps, reduce power, lower the nose, slip, open the door, etc. The 
best alternative is whatever takes the least pilot effort. By far the best 
choice is simply to drop the gear. As an experiment, take your plane up to 
altitude, get it in trim clean at 120 mph lAS, take your hands off the yoke, 
drop the gear, and just watch. The V-tail Bonanza will pitch up, then down, 
then quickly stabilize with the nose down about 3°, the airspeed up about 3-
5 mph, and the rate of descent at 600 fpm or more. The reason for this is no 
doubt fairly complex, but it probably has something to do with the fact that 
the c.g. moves forward when the nose gear extends, while the drag of the 
main gear is below and behind the c.g .. In any case, this exercise suggests 
that it would be a good idea to do two things when the gear goes out. First, 
trim the nose up slightly, so airspeed will stay at 120 mph. Second, dampen 
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the initial pitch oscillation with the yoke. (The A36 will also go through 
this pitch oscillation, but will for some reason stabilize at the original 
airspeed.) Once you get this built into your habit pattern, the transition will 
be very smooth, and you will end up with the power still at 14"-16" mp, 
nose on the horizon or perhaps down one degree, 120 mph lAS, and about 
500 fpm of sink. This is just what we want for the ILS, and it is ac
complished with an absolute minimum of fuss. 

If some minor correction is needed to stay on the glides lope while still a 
few miles from touchdown, add or subtract 2" mp until recapture, then re
move half of the correction - don't retrim. Closer in, a little pitch change 
will probably work better. 

This technique brings one down 250 feet for every mile forward over the 
ground. On some non-precision approaches, this will not be a steep enough 
descent. On the VOR-D into Reno Cannon, for instance, one has to lose 
more than 350 feet per mile. In this case one's primary options are to lower 
the flaps, trim the nose further down, or reduce power. Each option has its 
disadvantages. 

0) There are several problems with using flaps. The first is that most 
Bonanzas do not have flap pre-select, so it takes some amount of concen
tration (and distraction) to set them where desired. No doubt pilots who in
tend to approach with fifteen degrees of flaps sometimes have twenty and 
sometimes eleven-and this means that the performance and trim are dif
ferent with each flight, i.e., one is no longer staying in a familiar rut. Some 
Bonanzas (prior to the V35) even lack a cockpit flap position indicator, so 
lowering partial flaps either involves counting the time the flap position 
switch is down or looking out at the wing to check flap position- either 
technique involves a considerable distraction, and the head motion of the 
second option invites vertigo. 

Having flaps lowered also complicates the transition to the missed ap
proach PAC, and it reduces the limit load factor from 4.4 to 2.0 or 3.0 g's, 
depending upon model. Having noted these disadvantages, it is still fair to 
say that if the weather reports indicate that a missed approach is unlikely, 
and there is no report of turbulence, flaps may still be a reasonable means of 
increasing the descent rate. 

(ii) If we simply pitch the nose down, we will again need a trim change, 
and we will also need to dissipate the excess speed prior to landing. If we 
are approaching a short runway, this could create a real problem. The 
higher speed also changes the whole pace of the approach and might, if we 
are not used to high speed approaches, give us the feeling of getting behind 
the airplane or losing control of the situation. 

(iii) The final option is to reduce power further. Since we are already in 
the range of 14" to 16" mp, some pilots may be shy about further reduc
tions, fearing excessive cooling. But if the reduction is done gradually, say 
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two inches at a time, and if the CHT stays in the green, this should not be a 
source of concern. The primary problem with cooling is sudden cooling 
from a large abrupt reduction in power together with a high indicated 
airspeed. This can lead to cracked cylinders and warped valves. A few mi
nutes at low power and fairly low airspeed (120 mph) is not likely to cause 
any harm. And this method of increasing the descent rate has the virtue of 
requiring no trim change, no change in the pace of the approach, and no 
complications for the missed approach. 

It is frequently the case that ATC asks the pilot to keep speed up on the 
approach. This happens often enough that one ought to have a strategy for 
complying. Older Bonanzas with low speed limits with gear extended 
(V LE) cannot comply, and the pilot will have to confess. But the following 
works well for newer models: Use 18 inches mp for level flight clean at 140 
mph lAS to the final approach fix. Lower the gear as usual at the glides
lope. When the gear is extended at 140 rather than 120, the parasite drag is 
higher, and that causes a sink rate of about 750 fpm rather than 500-which 
is just about exactly what is required for a 3 degree gIideslope. 

ATTHEMDA 

On a non-precision approach we may have to level off at the minimum 
descent altitude for a few minutes. This is segment 7. Supposing we arrive 
at the MDA with IS" mp and the gear down, we have two options for arrest
ing the descent - add power or raise the gear. This choice is simple. DON'T 
RAISE THE GEAR. If you do, you are setting yourself up for a gear-up 
landing, and it has happened this way to a number of Bonanza pilots. Al
ways lower the gear at the same phase of the approach (VFR or IFR) and 
then leave it alone from then on. If you add power to level off, it will prob
ably take close to 5" more of manifold pressure and an attitude of one to two 
degrees nose up. That would give a PAC for segment 7 of 20" mp, one to 
two degrees nose up, and gear down for 120 mph lAS in level flight, with 
no trim change. Try this for yourself and see how well this works for you. 

MISSED APPROACH 

The missed approach drill is very simple. By the time the airplane is near 
the MAP or DH, the mixture and prop controls should be advanced. Then 
for the miss, we simply add full power and raise the nose to eight to ten de
grees nose up. Trim as necessary for 120 mph lAS (or Vy if maximum ef-
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fort climb is desired) and raise the gear when the climb is established. Open 
the cowl flaps. Whenever desired, one can transition from the full power 
climb to cruise climb in the manner to be discussed shortly. 

LANDING AND FLAPS 

Except under unusual circumstances, the flaps will have been up 
throughout segments 5, 6, and 7. Once the runway is in sight, and we are in 
a position to land, the flaps can come down. Again, the reason for leaving 
the flaps out of our PAC adjustment is to keep the number of regimes to a 
minimum. The whole point of flying by the numbers is to have a small 
number of very familiar ruts in which we operate and to have easy transi
tions from one rut to another. With two or three possible flap positions, 
three PAC settings become six or nine, and the whole advantage of flying 
by the numbers is lost. 

In some airplanes it may be impossible to break out at 200 feet AGL, 
doing 120 mph, and then drop the flaps and land in a reasonable distance. 
But any Bonanza owner can experiment to see that this is no problem in a 
Bonanza-and the techniques advocated here are tailored specifically to 
the Bonanza's flying characteristics. 

TAKEOFF TO CRUISE 

The first few regimes are relatively simple to analyze. In segment I, for 
instance, we simply line up with the runway, feed in full power, lift-off at 
the recommended speed, accelerate to Vy , (best rate), and climb to 800 to 
1,000 feet AGL before touching the power. Gear can come up when the 
runway passes out of sight under the nose. The PAC settings should look 
like this: full throttle and RPM, nose up 8-12°, airspeed at V y (100-115 mph 
lAS for all Bonanzas), gear down then up, VSl at 1,000 or more fpm. 

Beech recommends cruise climbing all Bonanzas at speeds in the area of 
120 to 125 mph lAS. Many pilots use higher speeds, and there is nothing 
wrong with that provided the rate of climb is sufficient. The Airman's In
formation Manual instructs the pilot to climb "as rapidly as practicable," 
though that certainly should not be taken to mean maximum power and V y. 

When crossing a fix at the minimum enroute altitude (MEA) and then 
climbing to a higher MEA for the next segment, a climb gradient of 152 
feet per nautical mile will guarantee terrain clearance. The Bonanza can 
easily do this at low altitudes even at fairly high climb speeds. A climb 
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speed of 150 mph lAS, for instance, only requires a climb rate of380 fpm. 
With power at 25" mp and 2500 RPM, the 285 horsepower Bonanzas 
would actually climb at about 600 fpm at 5,000 MSL on a standard day, so 
there is no problem meeting the minimum climb gradient at low altitude. 

The point is that you can pick any cruise climb speed you like in the 120-
150 mph lAS region, though the lower speed would be better for lFR. Just 
find a value that works and stick with it. A typical cruise climb PAC might 
look like this: 25" mp, 2,500 RPM, pitch up 5 degrees, 135 mph lAS, and 
VSl showing 800 to 1,100 fpm. 

Transitioning to segment 3, level cruise, we lower the nose until speed 
builds up, reduce power, and trim. The aircraft symbol on the attitude indi
cator should be set on the artificial horizon line with speed in the 150 to 180 
mph region depending upon altitude and the chosen power setting. 

HIGH SPEED DESCENT 

The enroute high speed descent phase, segment 4, can be initiated with a 
series of small reductions in manifold pressure. Take off two inches, wait a 
minute, then two or three more. As a rule, each inch is worth about 100 fpm 
down. Coming down from high altitudes, where manifold pressure is low 
at cruise, might call for a different strategy. If the pilot is using full throttle 
(and low mp) and high rpm to develop power, it would be better to reduce 
rpm by 300 or so to start the descent. Be sure to observe the manifold pres
sure vs. rpm limits in the Performance section of the Handbook. 

As you approach the intermediate altitude defining segment 5, it would 
be handy if you had gradually gotten your power down to about 15" mpand 
speed at about 160 mph lAS. This would produce a high speed letdown 
PAC looking about like this: 15" mp, attitude 2° nose down, gear up, 160 
mph lAS, VSI showing 500 fpm down. From this configuration, the trans
ition to segment 5 couldn't be simpler - just raise the nose to one or two de
grees nose up and retrim. We have already seen that this will shortly pro
duce level flight at 120 mph lAS, and we are then in good shape to start the 
approach. 

SUMMARY 

This brings us back to where we began. Now just a few words to sum
marize. The whole point of the flying by the numbers technique is to reduce 
to a minimum the amount of tinkering with throttle, prop, mixture, flaps, 
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gear, trim, etc. We want maximum simplicity in the mechanics of flying, 
so we can concentrate on navigating, communicating, and above all 
monitoring the airplane's performance. The Bonanza's flying qualities suit 
our purpose beautifully in that the gcar lever takes care of one of the most 
critical transitions. Drop the gear at 120 mph lAS as the glide slope centers, 
and the Bonanza transitions perfectly to the descent along the glide slope. 
While half of the critical equation is that the gear is worth 500 fpm, the 
other half is that five inches of manifold pressure are worth the same 500 
fpm. So we can arrest a 500 fpm descent with five inches mp, or start a 500 
fpm descent from level flight by reducing power by five inches mp. 

By playing gear position, pitch attitude, and power off against one 
another, we have been able to come as close as possible to the simplicity of 
controlling the airplane with a nine-button switch. It is just that our button 
number six is the gear handle, button seven is the throttle, button five is the 
trim wheel, etc. But except for having our mode buttons "poorly labeled" 
and scattered all over the cockpit, we really can enjoy most of the simplic
ity of flying with the ultimate nine-button autopilot. 

Try using these facts to maximum advantage and you'll be amazed at 
how well this technique keeps you in command of your airplane. 

An A36 on top. Photo courtesy of Len Vinci. 
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An A36 touching down. Photo courtesy of Beech Aircraft. 

CHAPTER 11 

LANDING 
As we have said before, this book is primarily about Bonanza-specific 

flight situations. We have no intention here of offering a comprehensive 
discussion of the ABC's of landings, per se. In fact the Bonanza is a gener
ally well behaved airplane throughout the landing sequence. It is not exces
sively heavy in the flare, and yet it is not overly sensitive in pitch. It has 
good crosswind capability and little tendency for excessive float. There is 
ample elevator power to hold the nose off on touchdown, and wide main 
gear for good stability on the roll-out. In fact its easy landing manner prob
ably does more to endear the Bonanza to its owner than any other single at
tribute. What we will cover here are primarily the landing sections of the 
Bonanza Handbooks, old and new, and the balked landing sequence-but 
first, a quick run through the basic elements of the approach and landing. 

It is worthwhile to try to standardize one's VFR pattern work; as with in
strument work, this helps to cut down on distractions from tinkering and 
trial and error with the controls. Something like the following might work: 
Power at 15" mp (maybe 18" for turbocharged engines) and trim for 120 
mph on downwind with the gear and flaps up. (If 120 mph is excessive, 
given the local traffic situation, then half flaps and a lower speed will be 
fine.) Check gas on a good tank. Advise passengers for seats and belts. 
Gear down adjacent to the runway threshold-and leave your hand on the 
gear switch until you verify by the sound and feel of the airplane as well as 
the cabin indicators that the gear is down. Trim nose up. Half flaps on base, 
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if they are not already out. Remaining flaps on final as mixture and prop are 
advanced and cowl flaps opened. Make final GUMP check and trim for the 
desired fifty foot speed. Power to idle at touchdown and don't touch the 
flap or cowl flap handles until the airplane has stopped. Raise the wing 
flaps by looking at the flap handle and placard and spelling F-L-A-P-S out 
loud. The reason for the last piece of advice is that it is all too easy to raise 
the gear rather than the flaps if one is busy with several problems at once. 
Now, for more detail on the approach speeds. 

HANDBOOKS - OLD AND NEW 

The new Beech Handbooks have a table at the top of the Landing Dis
tance page of the Performance section. This table gives a "speed at fifty 
feet" on landing for various weights. The idea is that one may have a faster 
speed down most of the final approach, but one should cross through the 
fifty foot height at the recommended speed-at least if the advertised land
ing perfonnance is to be expected. 

The rule Beech now seems to use is that the fifty- foot speed equals I. 3 
times V so' the power off stall speed in landing configuration. This can be 
seen in the table below giving the fifty-foot speeds for the A36. 

Weight 

3600 
3400 
3200 
3000 
2800 

(Speeds are MPH, CAS.) 

A36 LANDING SPEEDS 

v,o 
64 
66 
67 
66 
64 

50'Speed 

83 
85 
87 
86 
84 

50'SpeediV,o 

1.30 
1.29 
1.30 
1.30 
1.31 

In the old Handbooks, Beech gave separate tables for "normal landing" 
and "obstacle landing." The normal landing speed was higherthan 1.3 Vso 
and the obstacle landing speed was lower. The table below gives the data 
for the F33A from the old Handbook. 
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Weight 

3400 
3200 
3000 
2800 
2600 
2400 

65 
63 
61 
59 
57 
55 

(Speeds are MPH, CAS.) 

Flying The Beech Bonanza 

F33A LANDING SPEEDS 

Normal Landing Obstacle Landing 
at 50' 50' speedN so at 50' 50' speed!V so 

90 1.38 80 l.23 
87 1.38 78 l.24 
84 1.38 76 l.25 
81 1.37 73 l.24 
78 1.37 70 1.23 
75 1.36 67 1.22 

According to the engineers and test pilots who put the old Handbooks to
gether, the obstacle technique cut about twenty-five percent from the land
ing distance. This is in keeping with the classical performance equations 
which predict that a ten percent decrease in landing speed produces a 
twenty-one percent decrease in landing distance. 

BALKED LANDING 

A balked landing is not the same as a missed approach. A missed ap
proach generally starts from two-hundred or more feet AGL and, at least in 
a Bonanza, with the airspeed well over \00 mph. A balked landing is in
itiated at the last instant before landing. Perhaps the pilot suddenly sees a 
deer or an oil drum on the runway. In the balked landing the airplane is slow 
and close to the ground when an immediate maximum performance climb 
is required. 

In the Normal Procedures scction, the Beech Handbooks give one speed 
for the balked landing. This is generally the same as the highest listed fifty 
foot landing speed found in the table on the Landing Distance page of the 
Performance section. 

Some may feel that the recommended balked landing speed is too low, 
but if the same speed gave adequate margin above the stall on approach 
(with power off), it will certainly be safely above the stall with full power. 
Recall that power reduces the stall speed in a Bonanza by ten mph or more. 

Beech does not say so, but one's common sense and aerodynamic theory 
both say that if the published balked landing speed is safe at maximum 
gross weight, then a lower speed is equally safe at reduced weight. What 
we really want is a balked landing angle of attack more than a balked land
ing airspeed; and the same angle of attack which is obtained at high weights 



Landing 95 

at the published balked landing speed is obtained at lighter weights at lower 
speeds. How much lower? Simple, just reduce your target balked landing 
speed to match the reduction in your fifty foot landing speed, that is, look 
up the fifty foot landing speed for the current weight and use the same speed 
for the balked landing. Since the landing speed is a fixed multiple of V,o' 
the landing speed changes with weight to maintain a constant angle of at
tack. 

It is important to realize that the balked landing speed is well below the 
published values for V x and V y' But remember, the published V x and V y 

are appropriate for the airplane when it is cleaned up-not when gear and 
flaps are down. It would be a real mistake to try to accelerate to the pub
lished V x or especially V y as soon as the balked landing is initiated. One 
can almost hear the thoughts of a mistaken pilot going through an approach 
followed by a balked landing; "Airspeed 80 mph at fifty feet. Approach 
looks good. Is that guy on the ground taxiing into position? Stop you - - - -! 
Go around. Full power. Maximum climb airspeed is 110 mph. Push on the 
yoke. This thing won't climb with gear and flaps out. .. " In fact, the 
Bonanza has little or no climb at the published V y with gear and flaps out. 

Does that mean one should raise gear and flaps immediately and acceler
ate to V y? No. The acceleration will take time, distance, and altitude, and 
in a balked landing, one has none of these to spare. 

The drill is simple. Fly the proper approach speed. If a balked landing is 
required, raise the nose to about ten degrees nose-up as you add full power. 
Glue the airspeed needle in place at its approach value. Trim when you 
have a free hand. At moderate altitudes the airplane will climb at 500 feet 
per minute or so even with gear down and fulJ flaps-better than some 
trainers in their optimal climb configuration. When the climb is well estab
liShed, i.e., several hundred feet AGL, raise the gear. Climb can be in
creased by 200 fpm or so by partially raising the flaps to the half-down pos
ition, and, importantly, there is no need to accelerate when the flaps come 
part way up. At density altitudes below six or seven thousand feet, there is, 
in most circumstances, no need to be in a hurry to bring the flaps half up, 
since climb rate is fairly good even with full flaps. But at higher density al
titudes, the extra climb may be needed. In any case, power, pitch attitude, 
and trim should be dealt with first. Be in no hurry to fully raise the flaps, but 
when they are raised, be sure the nose stays up for continued climb as the 
airplane accelerates to the clean V x' 

Be prepared for a moderately hard push on the yoke during the initial 
climb, since the added engine power will tend to push the nose up. Going 
from 75 mph and 12 inches mp with gear and flaps down to full throttle with 
hands off the yoke results in an airspeed drop to 62 mph in a straight 35 
Bonanza, so one obviously has to push and/or trim to hold airspeed. 
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CHAPTER 12 

WEIGHT AND BALANCE: 
INTRODUCTION 

Every pilot is familiar with the fundamentals of weight and balance. For 
that reason we will try not to belabor the obvious here. If the reader feels a 
brush up is in order, any number of student pilot manuals will do the job. 
Two good ones are William Kershner's The Student Pilot's Flight Manual 
and Leroy Simonson's Private Pilot Study Guide. 

TO BE LEGAL 

According to FAR 91. 31 the Bonanza pilot must operate his aircraft 
within the limitations published in the Flight Manual. These limitations 
have to do with maximum rpm, minimum fuel for takeoff (10 gallons in 
each main, for us), maximum slip duration (30 seconds), etc. Included is 
the requirement that the plane stay within its weight and balance envelope 
during any flight. 

This means we must know the current empty weight and empty center of 
gravity and have the flight manual on hand to compute the weight and bal
ance for takeoff and landing. These are required (FAR 91.31) documents. 

Bonanza owners are notorious tinkers. With or without the aid of an A & 
P, we are forever adding this and removing that. On balance this is proba
bly good, since this is an excellent way to get to know the airplane. But this 
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endless series of modifications also increases the probability that our actual 
empty weight and balance have crept dangerously far away from the values 
we use in flight planning unless the empty weight and balance is done again 
after every modification. Of particular importance would be items added 
near the tail, such as, antennas, air scoops, ski tubes, air skegs, etc. 

In the following pages we will consider those facts about weight and bal
ance which are of particular interest to Bonanza pilots. We give one chapter 
to weight and two chapters to cg considerations. One deals with the theoret
ical connection between cg and longitudinal stability and the other with 
practical cg problems in the Bonanza. 
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CHAPTER 13 

WEIGHT 
High weight degrades nearly every aspect of airplane performance. 

We'll consider a few of the most important facts. 

SPEED 

At any given power setting, the Bonanza will be slower at high than at 
low weights. The reason is this: In steady level flight, thrust equals drag, 
and lift equals weight. If we could add weight to an airplane in unacceler
ated level flight, it would begin to descend. To compensate, we would have 
to increase lift; but with power held constant, our only recourse is to raise 
the nose and increase the angle of attack. Then this action increases in
duced drag and necessarily slows us down. The truth is, however, that the 
speed loss in a Bonanza is quite small. Apparently the rear cg shift with the 
added weight offsets the speed loss. 

CLIMB 

Any airplane will climb if it is developing more thrust horsepower than 
needed for level flight at its present speed. The rule of thumb is 
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ROC = 33,000 E/W 

where ROC is the rate of climb in feet per minute, W is weight, and E is the 
excess thrust horsepower beyond what is required for level flight. (Recall 
that thrust horsepower equals brake horsepower times propeller effi
ciency.) 

Looking at the performance section from the V35B manual, for instance, 
we see that 128 brake horsepower is required for level flight at 130 KIAS at 
3,400 pounds at sea level. Assume for simplicity that propeller efficiency 
is constant at 0.85, so the thrust horsepower required at 130 KIAS is 108.8 
hp. If we pulled 100 percent brake horsepower, our thrust horsepower 
would be 242.25 (= 285 x 0.85). Thus, our excess thrust horsepower 
would be 133.45 thp. So the formula gives 

ROC = 133.45 x 33,000 13,400 = 1295 

It is obvious from the formula that as weight diminishes, ROC increases. A 
good approximation is that the percentage increase in ROC equals the per
centage decrease in weight. Check this in the formula by noting that a 10 
percent decrease in weight (from 3,400 to 3,060) gives about a 10 percent 
increase in climb (from 1,295 to 1,439). 

TAKEOFF ROLL 

During the takeoff roll we are using full power to accelerate the airplane 
to its liftoff speed. Weight works against us here in two ways. First, as 
weight increases, the recommended liftoff speed increases. (See the box at 
the top of the takoff distance page in the Performance section of the Flight 
Manual.) By itself, this factor would lengthen the roll. Second, the heavier 
we are, the slower we accelerate - so we use more runway in the process. 
These factors combine to give the following rule of thumb. 

T2/Tl = (W2/W 1)2 0r 
T2 = T 1(W2 /W 1)2 

where T I is the length of the takeoff roll when the aircraft weighs WI' and 
T2 is the length of the roll at weight W2. For instance, the A36 manual lists 
a roll of I, I 00 feet at sea level, ISA standard day, at 3,600 pounds, and a 
roll of about 650 feet under the same conditions at 2,800 pounds. Checking 
this against the formula, we get 
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T2 = 1,100 X (2800/3600)2 = 665 

which is fairly close. The rule of thumb is that each ten percent increase in 
weight increases takeoff distance by twenty percent. 

STALLS 

The Bonanza always stalls at an angle of attack of about 16 degrees. 
Airspeed has almost nothing to do with it. We think of "stall speeds" only 
because we don't have any direct way of knowing angle of attack, but actu
ally the Bonanza can be stalled at any speed, depending upon weight and 
the "g" load factor. 

The stall speed in one g, unaccelerated flight is a function of weight. Im
agine that we close the throttle and attempt to hold altitude with back pres
sure. As the Bonanza slows down, we must increase the angle of attack 
(raise the nose) to maintain the equality between lift and weight. But once 
we reach the angle of attack of 16 degrees, the Bonanza will stall. At 3,400 
pounds clean in a V35B, this will happen at 74 mph CAS. 

If the airplane were lighter, we would need less lift to equal the lower 
weight. This means that any given angle of attack, lift would equal the new 
lower weight at a lower airspeed. So when we are at a reduccd weight, we 
will get to the stall anglc of attack at a lower airspeed. The formula is 

Vs1 /Vs2 = .jW, /W2 

where V" is the stall speed in un accelerated flight, when the aircraft weighs 
W I' This formula, and the Flight Manual agree that a V35B will stall at 62 
mph CAS at a weight of 2,400 pounds. The algebra looks like so: 

VS1 = VS2 X IjW,/Wz = 74x \"2400/3400 = 62 

The rule of thumb is that each ten percent increase in weight raises the stall 
speed by five percent. 

LANDING ROLL 

Between touchdown and full stop, the pilot's problem is dissipating the 
airplane's kinetic energy, which equals half the mass times the square of 
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velocity at touchdown - i.e., V w It follows from this that weight increases 
the landing roll for two reasons: first, high weight means high mass; and 
second, high weight means high touchdown (stall) speed. 

The rule of thumb here is that the percent change in weight equals the 
percent change in the landing roll. 

GLIDING RANGE 

After all this bad news about the adverse effects of high weight on perfor
mance, here is a pleasant surprise. Weight has nothing to do with the glide 
ratio. All Bonanzas, whether heavily or lightly loaded, old or new, will 
glide about 2 sm per 1,000 feet of elevation. The heavier the airplane, the 
higher should be the speed for best glide - but the glide ratio is constant, 
equal to the lift/drag ratio. 

One final note on weight. The airplane must not only be within its weight 
and balance envelope, but we must also be careful not to exceed the 
placarded weight limit for any particular location in the airplane. For in
stance, when the third and fourth seats are removed from the F33A for 
hauling cargo, the maximum weight forward of the second spar is 200 
pounds. It may be possible to put 500 pounds in and stay within the loading 
envelope, but that isn't advisable. The reason is that we may suffer a 
localized structural failure. For instance, the floor of the Bonanza might ac
tually collapse under a load of (6.6 x 200 = ) 1,320 pounds. If we put in 
500 pounds and then experience a gust load of 3.0 g's, we will load the 
floor with 1,500 pounds - and you know where the control cables run. 

SUMMARY 

We have established that performance decreases as weight increases, but 
flying at high weight need not be lethal, or even dangerous, as long as the 
structure is not subjected to high accelerations and as long as the pilot does 
not expect more from his or her airplane than it is capable of delivering. 
This point has been amply proven by some spectacularly long flights in 
"over loaded" Bonanzas. Bill Odom's famous straight 35, "Waikiki 
Beech," took off from Hickam field weighing 3,858 pounds and flew 
5,273 miles to Teterboro. Since the straight 35 has a certificated maximum 
gross of2,550 pounds, Odom's Bonanza was fully 1,308 pounds, 51 per
cent, over maximum gross. Even more amazing is Pat Boling's trip from 
Manila to Pendleton, 7,090 miles, in a J35 Bonanza, which took off weigh-
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ing 4,964 pounds - 2,064 over certificated gross weight. 
Two important cautions are in order. First, both Odom and Boling were 

pilots of the highest caliber. Odom had flown thc Hump in World War II, 
and Boling was a Navy pilot, both were airline captains, Second, and more 
importantly, both paid meticulous attention to their center of gravity posi
tions, Whilc high weight reduces perfOlmance, improper cg degrades sta
bility and controllability, It should be obvious that the latter is potentially 
more serious. 

Since it is fairly easy to load a Bonanza beyond its aft cg limit, and since 
this can have extremely serious consequences, we will give a careful 
analysis of cg in the two following chapters, 

An A36 near Orlando, Photo courtesy of Bob Hooker. 



CHAPTER 14 

CENTER OF GRAVITY -
GENERAL CONSIDERATIONS 

As every pilot knows, an airplane is given fore and aft center of gravity 
limits when it is certificated. In general, these limits derive from the fact 
that the airplane must be stable and controllable in a variety of maneuvers 
even when the cg is in its "most unfavorable" position. For instance, the 
airplane must be controllable in landing, and this means that it must be pos
sible to hold the nosewheel off in afull stall touchdown. For reasons which 
we will explore shortly, this gets progressively harder (and ultimately im
possible) as the cg moves forward. Hence, the forward cg limit cannot be 
ahead of the point at which this maneuver becomes impossible. Other sta
bility and control requirements, to be discussed shortly, will set other limit
ing values on cg, and the final cg range will be determined by the most re
strictive fore and aft limits from all of the requirements. 

This chapter is more technically demanding than most of the chapters in 
this book. The reason is simply that the effect of cg on aircraft stability and 
control is inherently a more difficult subject than, say, flying by the num
bers. Though we have made an effort to keep the treatment as simple as 
possible, we haven't, to paraphrase Einstein, tried to make it any simpler 
than it is. The fact is that it is very easy to load a Bonanza outside its ap
proved cg range; it is particularly easy to load the 35 and 33 series Bonan
zas aft of their rear limits. It is vitally important for the pilot to realize that 
this is a potentially dangerous situation, because it means that longitudinal 

= 



IV'+ 1'1ylOg I ne neecn nonanza 

stability will be degraded and stick force per g will be reduced. In plain En
glish this means that with the cg aft of its rear limit the Bonanza will be 
much less prone, perhaps even incapable, of maintaining its trimmed 
airspeed. And it will be easier for the pilot to overcontrol and overstress the 
airframe. Have you ever thought you had trimmed for 90 mph on base and 
then noticed with a shock that the airspeed is down to 70 mph? Have you 
ever given the customary amount of pull on the yoke at rotation or flare and 
had the Bonanza balloon awkwardly and dangerously into the air? In both 
cases, your cg was no doubt near the rear limit. 

My feeling is that the pilot's respect for the cg limits is proportional to his 
understanding of the reasons for those limits. The more one knows about 
why these limits are imposed, the more willing one is to abide by the limits. 
I once met a pilot who thought the only reason the airplane was given a rear 
limit was so the tail would not hit the ground when the pilot stood on the 
boarding step. He was proud to have outsmarted the designers and devised 
a way to board over the leading edge of the wing. We had a long, patient 
talk at the blackboard about stability and control, and I could tell from the 
sober, introspective mood that came over him that he realized the extent to 
which he had flirted with destruction. I am sure he watched his rear limit 
from then on. That experience motivates the present chapter. So, although 
we will find ourselves considering such arcane subjects as aerodynamic 
center and stick force per g, our real interest is in coming to appreciate the 
safety implications of the Bonanza's cg limits. 

STATIC LONGITUDINAL STABILITY 

An airplane has positive static longitudinal stability if, once trimmed for 
a certain angle of attack, it initially moves back toward that angle of attack 
following a disturbance which changes angle of attack. The plane will be 
statically longitudinally unstable, if the angle of attack initially tends to di
verge further from its original value following a displacement. And it is 
neutrally stable if it simply remains at the new angle of attack after the 
change. 

The importance of static stability should be obvious. If the plane is stat
ically unstable, it wilt always be trying to "get away from" the pilot. If it is 
neutrally stable, it will have no "feel," and airspeed variations will tend to 
surprise the pilot. 

To understand static stability, we will have to look into the forces and 
moments acting on the airplane in flight. We begin with a study of the 
wing. 
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WING FORCES AND MOMENTS 

As an airfoil passes through the atmosphere, a pressure field is set up 
along its surface. Though it would be unconventional, we could map these 
pressure levels over the wing surface the same way a meterologist repre
sents barometric pressure over the earth. Two facts would be obvious from 
such a map. First, lift is created when the dominant forces are lows above 
the wing and highs below it. Second, the pressure pattern will generally set 
up a pitching moment at any given point on the wing's chord. For instance, 
a strong low located aft on the upper wing surface would tend to pitch the 
wing's leading edge down. In the next few paragraphs we will look further 
into the lift and moment forces on an airfoil. Though this may seem like an 
unnecessary foray into aerodynamic generalities, it is in truth a necessary 
prerequisite to understanding longitudinal stability-which is so critical 
for flight safety. 

As the reader might imagine, the analysis can become quite complex. 
But we will make every effort to reduce it to essentials. This means we 
abstract from some factors which a complete analysis would have to in
clude. For the moment, that means we ignore drag from the airfoil. Other 
limiting assumptions will be mentioned at the appropriate times later in the 
text. For more detail, the reader can refer to any competent aerodynamics 
text. 

Figure 14. I a shows the standard mode of depiction of the pressure field 
along a wing section. The arrows or vectors pointing away from the wing 
surface denote negative pressure or suction, and their lengths denote the 
strength of the force at that location. Similarly, arrows directed toward the 
airfoil denote positive pressure. Speaking loosely, positive lift exists when 
we get a net suction above the wing after summing all the pressures above 
and below. (Strictly speaking, we integrate the lower pressures minus the 
upper pressures along the chord.) 

The "center of pressure" (cp) is the point along the chord at which lift 
acts. The cp is the "center of gravity" of the pressure distribution in the 
sense that the moment (force times arm from the cp) of the pressure forces 
is zero at the cp. For instance, if the pressures were equal everywhere on 
the chord, the cp would be at the chord midpoint. We could speak of lift 
being "concentrated" or "acting" at the center of pressure. 

In general, as angle of attack changes, the shape of the pressure field and 
the location of the center of pressure Change. For cambered airfoils, like the 
Bonanza's, the center of pressure tends to move forward as angle of attack 
increases up to the stalling angle. Again see Figures 14.la and lb. 



106 Flying The Beech Bonanza 

L 

FIGURES 14.1a and 14.1b 

The forces or pressures on the wing create pitching moments as well as 
lifting forces. The airfoil in Figure 14.la, for instance, would tend to pitch 
down at the leading edge. By convention, positive pitching moments are 
nose up, and negative moments are nose down. 

The movement of the center of pressure with changes in angle of attack 
tends to complicate stability discussions, so a different reference point on 
the chord is often used-this is the "aerodynamic center," ac. The 



Center of Gravity - General Considerations 107 

aerodynamic center is a point on the chord line at which the pitching mo
ment remains constant as angle of attack varies. Consider Figure 14.2. 
When the angle of attack is relatively low, lift is Lo' and it acts through the 
center of pressure, which we assume is Xo units aft of the ac. The moment 
at the aerodynamic center is - Lo Xo' force times arm, and is negative since 
it is nose down. When angle of attack increases, lift increases to L

" 
and the 

cp moves forward to X,. But the moment at the aerodynamic center re
mains constant, as the higher force is matched by a shorter arm. This prob
lem clarifies the sense in which it is true to say that changes in lift act 
through the aerodynamic center. That is, we could think of lift after the in
crease in angle of attack as being in two parts-Lo acting through the orig
inal center of pressure and 6L acting at the ac. The moment at ac would be 
-Lo' Xo + 6L' 0 = -L, X,, so it makes no difference whether we say lift 
L, acts at XI or the change in lift acts at the ac. Note also that cambered air
foils have their center of pressure behind their aerodynamic center. And the 
ac itself tends to lie near the quarter chord point. 

As a convenience, instead of showing the lift force acting through the cp, 
we could show it as acting through the ac and include the moment at the ac 
to reflect the pitching forces (see Figure 14.3). 

L, 

" . 

FIGURE 14.2 
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L 

ac 

FIGURE 14.3 

A symmetrical airfoil's cp coincides with its ac and, thus, has no mo
ment at the ac, Neither does the cp of a symmetrical airfoil move with 
changes in angle of attack, The Bonanza's NACA 23000 series airfoil is 
not symmetrical, but it is similar in that it has a very small pitching moment 
about the aerodynamic center. Equivalently, its cp does not move very 
much as the angle of attack changes, This is convenient both for our pur
poses in this chapter and for Beech engineers, who have used the wing re
peatedly in other aircraft. In fact both the Piper Malibu and the DC3 use the 
NACA 23000 series airfoil. 

For convenience in the stability analysis that follows we will treat the 
Bonanza wing as if it were rectangular in planform, with a chord equal in 
length to the Bonanza's mean aerodynamic chord (denoted MAC or some
times just c), The Bonanza's MAC is 65,3 inches long with its leading edge 
66,7 inches aft of the Bonanza's datum line, The wing will be shown as in 
Figure 14.4, The aerodynamic center will be shown on the chord line at the 
25% chord position or fuselage station (FS) 83, which is 83 inches aft of the 
datum line, The cg will also be shown on the chord line, though in general 
this is not to be expected, To keep matters as simple as possible, we will 
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also ignore the thrust-drag couple, wing downwash effects at the tail, the 
presence of springs and weights in the control system, and the pitching mo
ment of the fuselage. 

STABILITY OF THE WING ALONE 

Suppose an airplane consisted of nothing but a symmetrical wing. It is 
evident from Figures l4.SA and l4.SB, that the airplane would be stable if 
the cg were ahead of the aerodynamic center and unstable if behind. With 
the cg ahead of the ac, an increase in the angle of attack would cause a 
change in lift, 6L, acting through the ac, which when coupled to the effect 
of weight would tend to lowerthe angle of attack, i. e., create a nose down 
pitching moment at the cg. This would tend to restore equilibrium. If the cg 
were aft of the ac, an increase in angle of attack and lift would tend to pitch 
the airplane up further, hence, by itself, the wing would be unstable. 

As we noted earlier, the aerodynamic center of the Bonanza is at about 
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83.0 inches aft of the datum. Forward cg limits vary from 74 to 77 inches 
aft of datum and aft limits range from about 84 to 87.7 inches aft. Thus the 
Bonanza's cg is sometimes aft of the ac. With the cg aft of 83 inches, the 
wing effect is destabilizing. In this case, stability is produced by the action 
of the tail. 

THE TAIL'S CONTRIBUTION 
TO LONGITUDINAL STABILITY 

If the airplane is in equilibrium, the sum of all of the pitching moments 
about the cg must be zero, i.e., nose-up pitching moments must exactly 
balance the nose-down pitching moments. Referring to Figure 14.6, the 
moments are: (i) Mac' the moment about the aerodynamic center. (ii) L(h
ho)' which is the force (L) times the arm (h-ho). (iii) tLr, where Lr is the tail 

6L 

ae 

co 

w 

FIGURE 14.Sa and 14.Sb 
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lift and t is the distance from the cg to the ac of the tail. (All of the Bonan
zas, V-tail and conventional tail, have symmetrical airfoils in the tail, so 
there is no need to consider a moment about the aerodynamic center of the 
horizontal tail.) 

Thus, the pitch equilibrium equation is 

M is the total moment at the center of gravity. 
If the airplane is to be statically longitudinally stable with the elevator or 

"stick" fixed, then an increase in angle of attack will have to produce a 
nose-down pitching moment-if M is zero before the increase in angle of 
attack, it will have to be negative after the change. Given the presence of 
the tail, this is possible even if cg is aft of ac. One can see this from the fol
lowing: (i) An increase in angle of attack (aoa) will not change Mac' (ii) As 
aoa increases, L will rise, and so will L(h-ho)' This "wing component" in
creases M and is destabilizing, i.e., by itself it leads to a further increase in 
angle of attack when cg is aft of ac. (iii) As angle of attack increases, Lr in-
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creases and this reduces M by t times the change in 0. Thus, we have a 
struggle between the pitch up from the wing and the pitch down from the 
tail. 

The important point for us to notice is that as the cg moves further aft, 
static stability becomes weaker and weaker. This is due to two factors: 
First, as cg moves aft, (h- ho) increases, and this increases the destabilizing 
effect of the wing, since the arm of the destabilizing change in wing lift is 
made larger. Second, as cg goes aft, the tail arm, t, is reduced, and this di
minishes the potential pitch-stabilizing force coming from the tail. 

Thus, as the cg moves aft, we may first reach a point where a change in 
aoa has no effect on M and then enter a rellion of instability where increases 
in aoa actually cause increases in M, i.e., cause a further pitch up. 

Figure 14.7 gives an extreme illustration of the unstable case. The cg is 
midway between the aerodynamic centers of the wing and tail, i.e., (h-ho) 
= t. Now if an increase in angle of attack gives a bigger increase in wing 
lift than tail lift, i.e., 6L;;> 60 (which is to be expected), then the in
crease in aoa will provide a pitch up moment at the cg. 

6L 

ac 

I 
I 

co 

w I 
1 
1 
1 I I 

~1~(----~------7>~(~----~----~ )1 
ho h-ho 

FIGURE 14.7 
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The point along the wing's mean aerodynamic chord which divides 
stable and unstable cg regions is called the "neutral point." It is determined 
for both stick fixed, which we have just discussed, and stick free condi
tions. In general, the stick fixed neutral point is aft of the stick free neutral 
point. The reason for this is that an increase in angle of attack, due to a gust, 
will tend to float the elevator up slightly, and this will tend, by itself, to be 
destabilizing, i.e., to pitch the nose up. 

STICK FORCES 

We have seen that static longitudinal stability refers to the tendency of 
the airplane to resist a displacement from its trim speed or angle of attack. 
This tendency to resist translates into control forces required to change 
angle of attack. It follows that as the cg moves aft form a stable point, the 
control forces or "stick forces" necessary to change airspeed or angle of at
tack diminish. Figure 14.8 shows a hypothetical graph of stick forces ver-

STICK FORCE 

(PULL) 

o 

(PUSH) 

YeAS 

TRIM SPEED 

FIGURE 14.8 

sus airspeed for various cg positions. Starting from the trim speed, if the cg 
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is in the stable range, one has to pull to slow down and push to speed up. 
With cg at the stick free neutral point one can displace the controls and 
change airspeed with no stick force-the airplane does not resist changes in 
airspeed or angle of attack. In the unstable case, the airplane has a totally 
reversed "feel," since one has to pull on the yoke to go faster. CAR 
3 .13310 specifically requires that a certificated airplane have a stable stick 
force versus speed curve at its rearmost cg so that "any substantial change 
in speed is clearly perceptible to the pilot through a resulting change in stick 
force." Thus, the aft limit may be set by the required slope of the stick force 
vs. airspeed curve. 

A related notion is that of stick force per g (load factor). As we have 
seen, the further forward the cg is, the more statically longitudinally stable 
the airplane is, and the harder one has to pull to increase angle of attack. As 
angle of attack increases, other things equal, lift and g load factor rise. 
Thus at any cg position, there is a correlation between stick force and load 
factor. See Figure 14.9A. The slope of this line is called the "stick force 
gradient." Airplanes with a high stick force gradient are thought by pilots to 
be "heavy in pitch." But as Figure 14.9B shows, any single airplane has a 
lower stick force gradient as cg moves aft. As the cg goes aft, it takes less 
stick force to pull any given g load factor. The new certification require
ments, FAR 23.155, state that it must take a stick force of at least WIlOO 
pounds to pull 4.4 g's in a Bonanza. (W is weight, so for an A36 the 
number is 36 pounds. For a F33A it would be 34 pounds.) Thus, the rear cg 
limit might be set by the minimum force requirement to attain the limit load 
factor. 

An airplane should have a stable maneuvering stick force gradient, 
meaning it should take a harder and harder pull to attain higher and higher 
load factors. In general, if the stick force vs. airspeed curve is stable, so is 
the maneuvering gradient. 

But stick forces cannot be too heavy, for certification laws also require 
that the pilot be able, for example, to trim the airplane to 1.4 V,l in the 
landing configuration and then hold speeds between 1.1 and 1.8 times V, I 
without exceeding 40 pounds pressure on the yoke. [CAR 3.1331O(a)] 
Maximum required forces on the yoke are 75 pounds for temporary and 10 
pounds for prolonged applications. Thus, since forward cg tends to in
crease control forces, regulations like CAR 3 .1331O(a) may set limits on the 
forward cg. 

If maximum stick forces for the certification mandated maneuvers do not 
set the forward cg limit, then it is probably set by the controllability re
quirement for landing. We have seen that as the cg moves forward, it takes 
more elevator power to maintain any given angle of attack. Thus, with a 
given maximum elevator power, the cg can only go so far forward before it 
becomes impossible to maintain the stalling angle of attack. This problem 
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FIGURES 14.9a and 14.9b 

is more acute when the airplane is in the presence of ground effect. The 
reason is that ground effect reduces the downwash at the tail, and this in
creases the angle of attack of the tail, requiring more upward elevator de
flection to maintain a given angle of attack for the wing. 
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AIRSPEED AND CG-A DIGRESSION 

The cg envelope for the Bonanza allows loadings with the cg ahead of the 
ac. In this case the "lift" from the tail is negative, i.e., to balance the 
airplane, there must be a downward force from the tail. This downward 
force has the effect of increasing the lift required from the wing, just as if 
the airplane were made heavier. Theoretically, as cg moves aft, the nega
tive balancing lift from the tail can be reduced, and the airplane should be
come faster. 

The following experiment was conducted in the author's A36. We had 
two pilots in the front seats and 395 pounds of passengers in the middle, aft 
facing seats. Cg was at 81.88 inches aft. With power at 23 inches mp and 
2300 rpm, speed was 161' mph lAS. With power held constant, the middle 
seat passengers moved to the aft seats. Cg shifted back to 86.33 inches aft 
(still well within limits), and trim changed from zero degrees to one degree 
down. In confirmation of the theory, airspeed rose from 161 to 169 mph 
lAS. 

The reader should be sure to understand that the price of this increased 
airspeed is reduced longitudinal stability, and no speed gain should tempt 
the pilot to violate the airplane's aft limit. In fact an extreme aft cg may call 
for so much trim tab deflection that the drag from the trim tab would negate 
any speed gain. 

DIRECTIONAL STABILITY 

An airplane is directionally stable when it tends to point itself into the re
lative wind, i.e., a gust from the right would tend to yaw the airplane about 
its center of gravity in a nose right (tail left) direction. For obvious reasons, 
directional stability is sometimes called "weathercock stability." 

An airplane is directionally stable if its centroid of side area is aft of its 
center of gravity. Every proturbance on the airplane having side area has 
some effect on directional stability, but the major factors are the fuselage 
and vertical tail. The fuselage alone is generally destabilizing, since its 
centroid of side area is generally ahead of the cg. (The effect of a ventral or 
dorsal fin is to move the fuselage's side area aft, helping to stabilize.) The 
tail is stabilizing since it presents a relatively large side area well aft of the 
cg. 
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It follows that as the cg goes aft, directional stability diminishes. The 
fuselage becomes more destabilizing as the fixed centroid of its side area 
falls further forward of the cg. And the stabilizing effect of the tail is re
duced, since the tail arm from the cg diminishes as the cg moves aft. One 
might experiment with this in one's airplane by checking yaw damping at 
various cg's. At a speed below V A, using rudder pressure, displace the nose 
ten degrees right or left and then abruptly release the rudder pressure. Note 
the characteristics of the following yaw oscillations. Check this on flights 
with forward and aft cg's and note the differences. The airplane will be 
slightly but perceptibly sloppier with an aft cg. At an extreme aft cg a side 
gust or rudder input would cause the airplane to try to swap ends. 

In general, the decrease in yaw stability with aft cg is not as quick and 
critical as the decrease in longituding stability. 

SUMMARY CHART 

Figure 14. 10 shows a hypothetical summary chart of the factors limiting 
an airplane's cg envelope. The forward limit cannot be ahead of the point at 
which maximum stick forces become required (S.F.m,,) or ahead of the 
point at which maximum elevator power is insufficient for landing (E.L.). 
Nor can the aft limit be behind the stick free or stick fixed neutral points 
(No', No)' or the minimum stick force per g limit (S.F.m;n). 
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CONCLUSION 

The reason we have given so much space to the pure theory of cg effects 
is that we feel a pilot's respect for cg limits is proportional to his under
standing of the reasons for those limits-and Bonanza pilots, more than 
most pilots, need to respect their cg limits. As we shall see in the next chap
ter, it is very easy to load Bonanzas, particularly 33 and 35 series Bonan
zas, aft of the rear limit. This tends to make an airplane which is already 
light on the controls (low stick force per g) even lighter. It also reduces the 
speed stability of the airplane. It doesn't take much imagination to see that 
if we add turbulence and pilot disorientation to an airplane which, because 
of aft loading, has a low stick force per g and an impaired ability to main
tain airspeed, we have a recipe for tragedy. 

A V35-TC near Sedona, Arizona. Photo courtesy of Bob Landes. 
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CHAPTER 15 

BONANZA CG CONSIDERATIONS 
In this chapter we consider a variety of Bonanza loading problems. To 

standardize the treatment we will use the basic empty weight and cg from 
the sample problems in the Beech Flight Manuals. The reader is warned 
that the typical Bonanza in the field may be considerably heavier. A ran
dom sample of six V35Bs by the author showed the average V35B weighs 
161 pounds more when empty than the Beech sample airplane. The reader 
is further cautioned that the problems worked here are for illustrative pur
poses only; it is the pilot's responsibility to see that his airplane is within cg 
limits for every flight. 

CG LIMITS AND BONANZA GEOMETRY 

Figure 15.1 shows the evolution of the cg envelopes over the past years. 
Several patterns are apparent. First, maximum gross weight has increased 
over time for all models. Second, the rear cg limit has remained roughly 
constant for all 35 series Bonanzas. The aft limit for the 33 series is to the 
rear of the limit for the 35 series. And finally, the 36 series has a consider
ably broader envelope at both ends than either 33 or 35 series Bonanzas. 
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Consider Figure 1S.2, which gives loading data for the three basic 
Bonanzas. Each type of load (e.g., front seat, baggage) along with its ann 
is shown along the top of the line. Along the bottom of the line is the cg 
range. The shaded portion of the range gives the cg limits at maximum 
gross weight, and the combination of the shaded and unshaded sectors is 
the cg range at light weights. 

For reference, a side view of the airfoil at the wing's mean aerodynamic 
chord (MAC) is shown at the bottom of Figure IS. 2. For all Bonanzas, the 
leading edge of the MAC is at 66.7 inches and the MAC length is 6S.3 in
ches. Assuming that the aerodynamic center (ac) is 2S% aft of the MAC 
leading edge, ac will be approximately 83.0 inches aft of datum. (This is al
most exactly the location of the main wing spar.) All changes in lift (due to, 
for instance, a change in angle of attack) act through the aerodynamic 
center. 

If we think of the horizontal lines in Figure IS.2 as a weightless teeter
totter and cg range as a table top, our problem is to load the teeter-totter so 
it balances across the table top, i.e., so its cg is somewhere over the table. 
The V3SB has a fairly narrow "table top" to work with, while the A36 has 
a broad one. 
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Consider the short body Bonanzas first. Since they all have very similar 
geometry. the arms for fuel, seats, and baggage are the same. But since the 
F33A has a relatively heavy extra tail member working at a long arm, its 
empty cg is nearly two inches aft of that of the V35B. To compensate, the 
extra effective horizontal tail area of the F33A allows a broader cg range. 

I 
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Notice that for all short body Bonanzas, the only controllable item on the 
left side of the teeter-totter is fuel. So once the main tanks are full, the only 
way to move cg forward is to off-load items or shift them forward. Another 
way of saying this is that once the short body Bonanza is fully fueled, all 
loading moves the cg aft. 

The A36 is ten inches longer than the F33A. In effect, there is a ten inch 
"plug" in the fuselage; and, significantly, the forward fuselage has been 
moved ten inches forward over the wing. The tip of the prop spinner is ten 
inches further from the wing leading edge, but the tail and the wing are just 
as far apart as on the F33A. This means that the front seat occupants are at 
station 75 in the A36, where they are at 85 in the F33A and V35B. And the 
center of gravity of the empty A36 is, in relation to the wing, well forward 
of that of the F33A, due largely to the reduced arm for the engine. 

LOADING PAST THE FORWARD LIMIT 

Notice from Figure 15.1 thatthe forward cg limit moves aft as weight in
creases beyond some threshold value. For instance, the forward limit 
moves aft as weight rises past 2,800 pounds for the V35B. This means that 
there are essentially two ways to exceed the forward limit: one is to be light 
with the cg very far forward, the other is to be heavier with the cg less far 
forward. We will check each possibility in tum. 

Recall from Figure 15.2 that for the short body Bonanzas, the only item 
ahead of the forward limit is fuel, so full fuel would make any forward cg 
problem worse. Any weight in the front seat for these planes will pull the cg 
aft, so a worst case would be full fuel and a flyweight pilot. Checking this 
condition for the 33 and 35 series Bonanzas with a 100 pound pilot, we find 
that V35B and F33A stay within the envelope. In fact the F33A is within 
limits with no pilot at all. 

Figure 15.2 shows that the geometry of the A36 together with its broad 
cg range, rule out any problem with forward cg under full fuel and light 
pilot conditions. Since pilot, fuel, and basic empty weight all fall behind 
the forward limit, there is no way to exceed the forward limit with a light 
load in the front seats. (It should be noted that this may not be true for 
airplanes in the field with forward empty cg's.) 

As noted above, as weight is added to any Bonanza, the forward cg limit 
backs up. If we are looking for ways to exceed the forward cg by adding 
weight, we would naturally put the weight in the front seat; but as we do 
this, at least in the 33 and 35 series Bonanzas, this pulls the cg rearward, 
since even the front seats are relatively far back with an arm of 85 inches. 
As a practical matter, we would probably never see more than 500 pounds 
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in the front seats, and with this loading plus full fuel the straight 35 and the 
N35 fall outside the front limit, while the V35B, F33A, and A36 stay 
within the limit. 

THE AFT LIMIT WITH FULL FUEL 

It is very easy to load the late model V tail Bonanzas past their aft limit, 
even with full fuel. For instance, using the basic empty weight of the V35B 
in the Beech Flight Manual, we see that four 170 pound passengers in the 
front four seats, full fuel, and 109 pounds of baggage bring the airplane up 
to its max gross weight and place the center of gravity at 85.19, which is 
well past the aft limit. 

In the older model V tails, if one stays within the maximum gross weight 
limit, it is comparatively harder to exceed the aft cg limit with full fuel. For 
instance, if we load the Beech N35 with full fuel, 340 pounds in the front 
seats, 270 pounds in the baggage compartment, and 70 pounds in the sec
ond row of seats, the weight is at maximum gross, and the cg is within 
limits at 84.1. Following the same loading strategy for the straight 35 pro
duces the same result, i.e., full fuel, maximum gross, and maximum bag
gage leave us within limits at takeoff. Be sure to note that the reason for this 
is not that the V35B has a more restricted envelope than the N35 or 35, but 
rather that it has a higher useful load, and all loading except fuel tends to 
move the cg aft. A consequence of this is that some of the "useful load" is 
not so useful after all, unless there is some way of getting it into the front 
seats. 

Since the 33 series Bonanzas have the weight of the extra tail member so 
far aft, one would expect the 33 series to be more tail heavy than the 35s. 
But this does not mean that the F33A is easier to load past its aft cg limit 
than the V35B, in fact the opposite is true. The reason is that the larger ef
fective area of the horizontal stabilizer-elevator has let Beech certificate the 
F33A with a more aft cg limit. An F33A with 340 pounds in each of the first 
two rows of seats, full fuel, and 107 pounds of baggage is at maximum 
gross and within its cg envelope-at least on take-off. 

The different wing position for the A36 eliminates any rear cg problem 
forJour adults, one hundred pounds of baggage, and full fuel. But there can 
be loading problems for an A36 with full fuel. It won't, for instance, carry 
six 170 pound passengers. Neither will it permit loading heavy passengers 
and baggage from the aft forward, as might be done in air taxi work. For in
stance, 100 pounds of baggage, 340 pounds of passengers in each of the 
two back rows of seats, full fuel, and a 157 pound pilot, put the cg of the 
Beech sample A36 past the aft limit. But one gets the feeling from working 
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cg problems for the A36 that the pilot would really have to work at it to get 
the cg to go out the aft limit with full fuel. 

THE PROBLEM WITH FUEL BURN 

As any Bonanza burns fuel from its main wing tanks, the cg moves aft. 
This means that a Bonanza can takeoff with its cg within limits, and then 
have it move out of the envelope during flight. Table I shows how this 
might happen in an F33A. The movement of weight and cg is plotted in Fi
gure 15. 1. The flight begins at point A and ends at point B, outside the 
F33A's envelope. 

Item 
Basic empty 
Front seats 
3rd and 4th seats 
Baggage 
Fuel (minus fuel for 

start, taxi, takeoff) 
Subtotal at takeoff 
Less fuel to destination 
Landing condition 

Table 1 
Weight and Balance 

Weight Mom/lOO 
2182 1751 

384 326 
203 246 
200 300 
432 324 

3400 
(-)240 

3160 

2947 
(-) 180 

2767 

cg 

86.7 

87.6 

Notice that the slope of the line from A to B in Figure 15.1 looks to be 
about the same as the slope of the upper right hand portion of the V35B and 
straight 35 envelopes. This is no coincidence. Beech drew a number of the 
weight and balance envelopes to have the property that if you begin the 
flight at maximum gross and aft cg, a moderate fuel burn will still leave 
your cg within aft limits. Three remarks: First, a V35B starting the flight at 
its maximum gross aft limit, would have to burn 66.7 gallons - all but 7.3 
gallons of its usable fuel- before it moved out of its envelope, but a straight 
35 would have to burn only 24.2 gallons. Second, if any Bonanza began a 
flight at or near the rear vertical edge of its envelope (Figure 15.1), it would 
soon exceed its aft limit. Note that for some Bonanzas this is more likely to 
be a problem at reduced weights, e.g., below 3,000 pounds for the V35B. 
Third, Figure 15.1 exaggerates the F33A's weight and balance advantages 
over the V35B in that the upper right corner of the F33A's envelope cannot 
practically be used anyway, since fuel burn will move the cg aft and outside 
the envelope. Recall that the extra tail member on the 33 model both allows 
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and requires a two inch aft movement of the rear cg limit, that is, it pro
vides no real advantage in loading over the model 35. 

TWO SHORT NOTES 

Many Bonanzas are equipped with tip tanks, and there are some weight 
and balance implications of this installation. The tanks themselves are 
fairly light, 25 pounds or so. And on many models an increase in takeoff 
weight is approved after installation, though the cg range is fairly narrow at 
the high weight. These tanks don't offer much help with cg problems 
though. On the Brittan 20 gallon tanks, for instance, the fuel is carried at 
station 89.5 - well aft of the rear cg limit. We cannot possibly cover all tip 
tank mods in this book, so the reader with tip tanks is advised to study the 
weight and balance implications of his or her installation using the 
amended flight manual. 

Some Bonanza owners have added ballast weight in the nose to help with 
the rear cg problem. In fact Beech has done this itself for the S35 and later 
models. Until this becomes a tried and true STCd installation, it seems in
advisable. One has to suppose that the Beech engineers have done what 
they can already. 

Other well tested modifications may have favorable side effects on cg, 
however. For instance, a change in propeller or installation of standby vac
uum equipment may have a favorable effect. 

SUMMARY 

Pilots should recognize that it is easy to load a Bonanza past its aft cg 
limit, and that this is a very dangerous condition. Stall and spin characteris
tics are worse, longitudinal stability is degraded, and stick forces are di
minished. All of these changes make it easier to overstress the airplane. 
These are conditions to be understood and avoided. 

The remedy is simple. Work enough sample problems for your airplane 
to get a feel for which loadings are within and which are outside the cg en
velope; and then be disciplined enough to abide by the limits. 
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CHAPTER 16 

INTRODUCTION TO EMERGENCIES 
To some extent, all reading and writing about inflight emergencies 

amounts to little more than whistling in the dark, On the ground, we can 
coolly analyze the critical elements of the emergency and spell out a plan to 
minimize the risks, We say, if emergency X happens, take actions A, B, 
and C. But in the air, the emergency starts with the sudden smell of some
thing burning, and our bodies are shot with a bolt of the cold lightning of 
fear before our minds have time to begin the analysis, As Frank Herbert, 
author of Dune, has written, "Fear is the mind killer." Fear introduces a 
sort of unpredictable paralysis to the thought processes-we are unable to 
sort out our perceptions, recognize alternatives, or make decisions, Even 
the most experienced pilots have been known to do foolish things in an 
emergency, 

But having said this, we nevertheless proceed with five chapters on 
emergencies, The reason is that, though we don't know what faculties our 
fear will leave us with, we might at least enter the situation with as much 
prior knowledge as possible, In fact, for some people and some emergen
cies the element of fear will be slight, and there is much to be gained from 
doing some calm weighing of alternatives in advance, 

No pretense is made to having a complete catalogue of potential 
emergencies, The variety of possible emergencies is infinite, and one can't 
possibly have a prearranged policy for every contingency, In fact we don't 
even consider here some of the "basic" emergency cases, like an electrical 
failure, If the Beech Handbook handles the case adequately, we see no 
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need to repeat their advice here. Instead, we consider several issues which 
we feel are both relatively neglected subjects and important for the 
Bonanza pilot in particular. 

A D35 and a V35 in formation. Photo courtesy of LaDell Swiden. 
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CHAPTER 17 

MAINTAINING CONTROL 
IN ROUGH AIR" 

When the air is so rough that controllability is in doubt, your first actions 
should be to slow down and drop the gear. In a real emergency, you can 
forget about the gear extension speed limits, these are designed to save the 
gear doors. Your problem is more serious - saving the airplane and occup
ants. 

If your speed is above the gear limit speed, just be sure you don't raise 
the gear when you are past the turbulence. You may have a bent door that 
will jam the gear when it goes back up, and then you would have to con
clude the flight with a gear up landing (a real candidate for "A Flight I Will 
Never Forget"). So leave the gear down and fly to a facility that can jack the 
plane up and check the retraction mechanism. 

Once the gear is down, you need to adjust power and trim to keep speed 
at or below the weight adjusted, gear down maneuvering speed, V;. Re
member that it is physically impossible to exceed a load factor of 4.4 as 
long as the plane is flown at or below a speed equal to V4A( = 2.09) times 
the present stall speed. The word "present" is critical. The published Vain 
your handbook is equal to V4.'4times the highest clean stall speed. If you 
are light, the stall speed is less; if the gear is out, the stall speed is even less. 
This means that the difference between the published and the present Va 
may be considerable, and more importantly this means that you can exceed 
4.4 g's at the published, unadjusted Va' (Refer to the chapter on the En
* IMPORTANT: V-tail pilots should refer to the Addendum on page 165. 
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velope for a further discussion.) 
Perhaps you put a placard by your airspeed indicator giving the likely 

range of values for V;, and you have used this to determine a target 
maximum speed. The trick for achieveing this speed is to have some idea of 
the appropriate power setting. Ther the drill is to go to that setting, hold the 
nose on the horizon, and wait for the airspeed to stabilize. Your "fly by the 
numbers" practice will have given you some idea of the right mp. You 
should know what mp gives 120 mph lAS in level flight with the gear 
down, so add a little if your target is higher than 120 and vice versa. Don't 
haul back on the yoke to slow down quickly, and don't chase airspeed with 
power. The airspeed needle will be jumping all over the dial while mp will 
be fairly steady, so mp is clearly a better instrument to use for the transi
tion. 

In really rough air the excursions in lAS may be quite large, 30 mph or 
more. You want to set power so that your highest speed is at or below the 
target V;. That will save you from exceeding the 4.4 g load fact{)r, but it 
will also expose you to possible accelerated stalls. Given a choice, the stall 
is Clearly the lesser of the two evils. You can, after all, recover from a stall, 
but not from a loss of primary structure. In addition, any stall is likely to be 
a momentary, transitory phenomenon, not a full blown nose-falls-and
wing-drops stall, though the latter is admittedly a possibility. 

Once the airplane is properly configured and slowed down, your job is to 
keep the wings level and nose approximately on the horizon unless there is 
a very good reason to do otherwise. Don't worry' about the VSI and the al
timeter as long as there is altitude to spare. (If a climb becomes absolutely 
necessary, feed in some power and climb at V;. Raise the gear or slow 
down to increase climb only as a last resort.) Don't lower the nose to "fight 
an updraft," that only increases airspeed, and high airspeed is a much big
ger problem than high altitude. 

The conventional wisdom is that you should keep the wings level, i.e., 
don't turn, in heavy turbulence. There are several good reasons for this. 
First, since the airplane has fairly weak lateral stability, it is easier to lose 
control in a turn. Second, the stall speed increases in a turn, raising the 
probability of a stall. And third, the turn itself imposes some g load factor. 

But there are times when a turn would really make sense. For instance, I 
was once skirting a storm in the Denver area when, with the storm at my 10 
o'clock position, the air became violently rough. I knew very well that 
things could only get worse straight ahead, so I turned right - slowly - and 
was soon in smooth air. It might also be that high winds and rough terrain 
create strong mechanical turbulence, and you can tell by the lay of the land 
that smoother air lies off to the side. In that case, too, an easy, gradual turn 
may make sense. 
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SUMMARY 

Here is our recipe for a ride through the rough. 

1. Slow to the proper weight adjusted V; using a best guess about mp. 
2. Drop the gear. 
3. Tighten your seat belt. 
4. Focus on the horizon or artificial horizon. 
S. Keep the wings level and the nose on the horizon, unless you have 

good reason to do otherwise. 
6. Fly the airplane. 
7. Never give up. 

A P35 rigged for flight in rough air. Photo courtesy of Bill Wagner. 
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The loss of gyros in instrument weather is an emergency of the first 
order. Even highly experienced airline crews have flown into the ground 
trying to sort out an instrument failure. Declare an emergency, and take all 
the help you can get. 

If you have a vacuum/pressure pump failure, your first problem is simply 
recognizing the failure. If you are maintaining a good scan, the failure will 
show itself as a lack of agreement among the flight instruments. Airspeed, 
altimeter, and VSI might say that you are level, while the attitude indicator 
shows a climb. Or the turn and slip might show a tum, while the attitude in
dicator shows wings level. In a situation like this, the next instrument to 
look at should be the vacuum/pressure gauge. If it reads low, disregard the 
vacuum/pressure instruments and fly the airplane. Of course, this assumes 
that the pilot knows which of his or her flight instruments are air driven. 
Most horizon gyros are air driven, as are most directional gyros. The gyro 
in horizontal situation indicators can be either air driven or electric. Most 
tum and slip indicators are electric, though air driven units are available. 
The Brittain turn coordinator found on, for example, the BVII autopilot is 
driven by air or DC, so it should work if either power source fails. Given 
the seriousness of a vacuum/pressure pump failure, the pilot should verify 
prior to engine start that the Brittain instrument operates on DC only. If the 
pilot is unsure of which instruments are air driven in his or her particular 
airplane (and an amazing percentage don't know), a mechanic should be 
consulted. One should also know which, if any, autopilot functions work 
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on DC only. 
If your scan is weak, you will probably continue to fly the attitude indi

cator after it has failed. If so, the first sign of trouble is likely to be your per
ception that something sounds or feels "funny" as the errant indicator leads 
you into a steep turn, dive, or climb. In this case you must diagnose the 
problem while in an unusual attitude and then recover. 

There are several lesson here. First, maintain good scan habits. Second, 
include the vacuum/pressure gauge in the scan. Third, install a low vac
uum/pressure warning light near the attitude indicator. (There are various 
types available at fairly low cost.) Fourth, install as much redundant gyro 
equipment as possible. An electric attitude indicator would probably be 
best, since that would solve either a vacuum/pressure pump or horizon gyro 
failure, and it is attitude information we need most. 

Assuming the gyro failure is detected, your problem becomes one of fly
ing the airplane. Most pilots would say this is easier to do if the errant gyros 
are covered. This means you should keep little suction disks available for 
the job. You can get them in any grocery store. An added benefit is that if 
they are always handy, you will probably practice partial panel more often. 

MAXIMIZING STABILITY 

With the gyros covered and the airplane under control, you should give 
some thought to changing the airplane's configuration to maximize its in
herent stability. This is where an intimate knowledge of the Bonanza's 
handling qualities will payoff most. Should you slow down, speed up, 
lower the gear, the flaps, or both? When is the Bonanza most stable? 

You can (and should) experiment with this yourself and come to your 
own conclusion, but my feeling is that the Bonanza is most stable with the 
gear down and airspeed in the 100 to 120 mph range. No doubt there are 
several fairly exotic reasons for this, but the following probably explains 
most of this fact. First, power is destabilizing, so low power (and low 
speed) helps. Second, when the gear goes out, the cg moves down and for
ward, and this increases longitudinal stability. Third, the large outboard 
gear doors act like vertical stabilizers (since they are behind the cg) to dam
pen yaw excursions. Finally, the extra drag will retard any rapid speed build
up if control is lost. Flaps should stay up, since there is a large trim change 
to cope with when they are extended, and they lower the limit load factor. 
An added benefit of having low speed and gear extended is that the airplane 
will be much less likely to get into an overs peed-structural failure problem. 

The proper technique for getting into this configuration would probably 
look something like this: reduce power to about 20" mp, trim for level 
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flight, lower the gear, retrim for level flight. We know from our flying by 
the numbers experience that it takes about 20" mp for level flight at about 
120 mph with the gear down, so this technique should work fine. If a lower 
speed is desired, simply use a lower mp to start with. 

Once the airplane is stabilized, you need to find some YFR weather. You 
should climb, descend, or change course, whatever it takes. Your priority 
now is finding visual conditions, not getting to the original destination. If 
the controllers are slo'w to cooperate, say, to clear you to a new altitude, 
simply tell them what you are going to do and then do it. It is your respon
sibility to maintain control of the airplane, and you can and should do what
ever you think it takes to achieve a successful outcome. 

If the pilot knows that a brief climb will lead to YFR conditions on top, 
it may in this case make sense to leave the gear up for the climb and cer
tainly for the YFR cruise. Then if it becomes necessary to enter cloud later, 
the airplane can be reconfigured in advance with the gear down and 120 
mph indicated. 

If YFR weather is not to be had, you will have to find a suitable instru
ment approach. Your best bet is an ILS with a compass locator. The reason 
for the ILS is that it has a long stabilized approach with low minimums, and 
that has obvious value. The reason for prefering one with a compass locator 
is that you can then use the ADF needle much as you would the dead DO, 
i.e., to show tum. The ADF isn't called a "radio compass" for nothing. The 
station functions as an artificial North Pole, and the indicator, like the old 
fashioned remote compass, points to it. Any tum will show up as a needle 
swing on the ADF indicator. Everyone should try this in partial panel prac
tice and see how useful it is. In fact, this suggests that the ADF should al
ways be on in instrument weather, even if it is serving no navigational func
tion, that way it is always ready to function as a backup turn indicator. 

Once the airplane is trimmed for level flight with the gear down, it is 
probably best to make all attitude changes gradually and with minimum 
control input. Beech used to recommend lowering the gear, and trimming 
for 100 mph; then heading changes were to be made by taking one's hands 
off the yoke and steering with rudder input only. It is surprising how well 
the Bonanza flies this way. It will stay nearly coordinated rolling into and 
out of shallow turns using smoothly applied rudder inputs. Altitude 
changes can be handled with power only. Add 5" mp to climb, take off 5" 
mp to descend, and leave the trim alone. 

If you are navigating for yourself, the timed tum technique is best for 
heading changes. Refer to the compass in level flight only. When a heading 
change is necessary, note the number of degrees of change and divide by 
three. This gives the number of seconds required to complete the tum at a 
standard rate. Now start a standard rate tum, and roll out when the time is 
up. Once established on the final approach course, use half standard rate 
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for heading corrections. 
A technique that generally works well for small corrections to stay on the 

localizer is the following: if the localizer needle moves right, roll gently 
into a right turn until the rate of turn indicator swings over to half standard 
rate, at that time roll wings back level. You will then have a new heading 
slightly higher than your initial heading. Fly this heading long enough to 
see if you recapture the course. If not, try the same thing again. When back 
on course, take out the correction with left turns in the same manner. 
Again, refer to the compass only in level flight. 

If you are getting a no-gyro approach from a radar facility, the controller 
will issue instructions such as "turn left," "stop turn," etc. (ATe expects 
standard rate turns until on the final approach course, and half standard rate 
turns from that point on.) This takes a considerable burden off the pilot's 
shoulders and should be requested if it is not offered. It would also be a 
good idea to practice this type of handling from time to time. Approach 
facilities are generally cooperative. 

SUMMARY 

I . Work on your scan so you are likely to catch a gyro failure early when 
it happens. 

2. Get the gear down and the airplane stabilized at 100 to 120 mph, unless 
a quick climb leads to VFR conditions. 

3. Use minimum aileron input. 
4. Use throttle for altitude/descent control. 
5. Don't try to fly the compass - use timed turns. 
6. Keep the ADF on and use it as a turn reference. 
7. Practice partial panel at regular intervals. 
8. Demand as much help from the ground as you can get. Let them look 

up frequencies and approach details for you. Your job is to fly the 
airplane. 
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CHAPTER 19 

EMERGENCY MAXIMUM RANGE 
At some point in every pilot's experience there is a time when getting the 

maximum distance from the existing fuel becomes the number one priority. 
Perhaps the flight did not start that way, but because of unforecast head
winds or diversions our initial confidence in the sufficiency of the fuel sup
ply turns into a serious concern. In a situation like this we need a strategy 
for maximizing range. 

As with many other emergency situations, it is best to work out one's 
strategy in advance on the ground and then codify the result into a rule of 
thumb that can be easily implemented. Otherwise we are likely to find our
selves trying to play it by ear when we are least able to carry a tune. 

In the next section we consider the speed for maximum range in a zero 
wind condition, and in the subsequent section we take up the complication 
added by wind. 

It should be emphasized that this section is not about long distance flying 
as such, which is a much more complicated problem. On a truly long range 
flight one would have to consider deviating from the great circle route to 
make the most of the circulation around the intervening atmospheric highs 
and lows as well as picking an altitude which gives the best tradeoff be
tween fuel lost in climb and speed gained in tail winds. Our concern here is 
with the more mundane problem of picking an airspeed which will let us 
cover the next hundred miles with minimum fuel, or simply getting to the 
airport when fuel exhaustion is a possibility. 

In such situations it is almost always possible in the United States to sim-
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ply land and get fuel. If so, that is the only sane choice. We would all have 
a hard time explaining why we overflew ten airports on our way to a forced 
landing from fuel exhaustion. The purpose of this chapter is to help develop 
a strategy that can be implemented in those rare situations when an inter
mediate stop is impossible, perhaps on an unexpected diversion to an un
planned alternate airport. 

MAXIMUM RANGE - ZERO WIND 

An aeronautical engineer would say that maximum range occurs when 
the ratio of lift to drag, LID, is at its maximum value, called LlDmax. (We 
ignore complications due to variations in propeller efficiency and engine 
specific fuel consumption as power changes.) Since in level flight lift is 
constant and equal to weight, LlDmax must occur at the point of minimum 
drag. (See the Appendix for a proof.) This certainly makes sense intui
tively: to maximize mpg, we minimize drag. 

Recall from the chapter on Performance Fundamentals that drag comes 
in two forms - induced and parasite. Induced drag is a byproduct of the gen
eration of lift; it increases with the angle of attack and decreases with the 
square of the indicated airspeed. Parasite drag is drag due to the frontal area 
of the airplane, surface friction, cooling drag, etc., and it increases with the 
square of the indicated airspeed. Total drag is high at high angles of attack 
(and low speeds), because induced drag is high. And drag is high again at 
low angles of attack (and high speeds), because of high parasite drag. So 
we must be able to minimize drag by flying "not too fast" and "not too 
slow." By itself that is not very helpful advice, especially since there is no 
direct way of knowing the value of either angle of attack or total drag in 
flight. Neither is the speed for minimum drag presented in so many words 
in the Beech Handbook. 

Luckily, we can easily find the airspeed for LlDmax at some particular 
weight in one simple in-flight experiment. Then a little use of aerodynamic 
theory will let us extrapolate the result to find V UDmax (as it is called) for 
other weights. 

To begin with, if we want maximum mpg, we are going to want 
maximum efficiency from the propeller. In general this means a low rpm 
and a high advance ratio. (Refer to the section on propeller efficiency in the 
Performance Fundamentals chapter.) There is a chart in the performance 
section of the new Beech Handbooks giving the approved manifold pres
sure and rpm combinations. The lowest approved cruise rpm for the 10-520 
powered A36, for instance, is 1900. We will use this value for our in-flight 
experiment. 
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The experiment itself is quite simple: With the airplane cleaned up, in 
straight and level flight on a smooth day, and with the rpm set at the lowest 
approved value, we set mp at the highest approved value/or the given rpm. 
For the A36, this will be 22 inches mp. Give the airspeed time to stabilize, 
and make a note of the indicated airspeed and the manifold pressure. Then 
reduce mp by one inch and retrim for level flight. When the speed 
stabilizes, make another note of the mp-IAS combination. Continue in this 
fashion with a constant rpm until you find that you can no longer hold al
titude at the reduced power. You might end up with a collection of data 
points looking like Table I, which I obtained in an A36 Bonanza at 2,868 
pounds. 

Table 1 

MP MPH, lAS 

22 140 
21 137 
20 133 
19 129 
18 125 
17 117 
16 102 

Later on you can graph these values, as done in Figure 19.1, and join the 
points with a smooth line. (The resulting curve is very closely related to the 
power required curves of the Performance Fundamentals chapter.) Now 
V LID",,,, the speed for maximum range, is found simply by constructing a 
line from the origin tangent to your "power required" curve and reading 
down for the maximum range speed for that weight. In the present exam
ple, the tangent is found at point A, and V LlDm" is at about 122 mph lAS. 

The reason this works is that fuel flow (f) is very nearly linearly related to 
manifold pressure when rpm is constant, so we could think of the vertical 
axis of Figure 19. I as representing not only manifold pressure, but also fuel 
flow in gallons per hour. Given this, the slope of the tangent line from the 
origin through point A gives the smallest possible value for the ratio flY, 
where V is velocity lAS. Now ifflY is as small as possible at point A, V/f 
must be as large as possible. At sea level on an ISA standard day, V/f 
equals miles per gallon, so in that case the tangent line would find the indi
cated airspeed for maximum miles per gallon at 2,868 pounds. For other 
than sea level ISA standard conditions, true airspeed will equal V I Jd. 
where d is the air density ratio. (d is the ratio of actual air density at altitude 
to air density at sea level on a standard daL See the chapter on Performance 
Fundamentals for a table of values for I/d at various altitudes.) So in gen-
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eral, mpg equals V/(f Vd). But at any given altitude, d is a constant, so we 
still maximize mpg by maximizing V/f at the tangent point. 

We could conceivably try this same experiment at a variety of other 
weights and find the best range speed for each weight, but a little applica
tion of aerodynamic theory can save us the trouble. The key fact here is that 
no matter what our weight might be, the best range speed will always occur 
at the same angle of attack. This implies that V;, the best range speed at a 
weight of W;, is given by 

V; = V, V W;lW, 

where V, is the best range speed found in the flight experiment when weight 
was W,. (A proof is given in the Appendix.) To illustrate, the best range 
speed for the A36 at a weight of 3,600 pounds would be 

122 V3600/2868 = 137 mph lAS 

At 2,600 pounds, we should have a best range speed of 
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122 y2600/2868 = 116 mph lAS 

Nothing could illustrate the effect of weight on best range airspeed more 
dramatically than the flight plan of the Rutan Voyager. This amazing air
craft weighs 1,858 pounds empty, and is slated to takeoff at a gross weight 
of 11,326 pounds (with 8,934 pounds of fuel) and fly around the world 
nonstop. According to the press releases, it is supposed to fly at about 130 
kts initially, slowing to "less than 70 kts" (AOPA, Pilot, July 1984, p. 19) 
as the fuel weight is reduced. Applying our formula, we see that this is al
most exactly in keeping with the theoretical variation in max range 
airspeed. After burning 8,200 pounds of fuel, the Voyager will weigh 
3,126 pounds; then if 130 KTS is the best range speed for 11 ,326 pounds, 
V UDm" at the reduced weight is 

130 Y 3126111 ,326 = 68 KTS 

In general, VUDmax is not the sort of number we are likely to need on 
short notice, so there is no sense putting up a placard of best range speeds. 
What I have done is make a note on the first page of the Emergency Proce
dures section of my A36 Handbook reading: 

"Best Range - Zero Wind: 116 to 137 MPH lAS" 

As an aside, we note that Beech publishes a best glide speed in the 
Emergency Procedures section of the Handbook. When gliding at this 
speed in still air, the Bonanza will go as far over the ground as possible 
using the potential energy stored in the airplane by virtue of its height. The 
maximum range problem is very similar in that we want the greatest possi
ble distance traveled using a given amount of energy, except that in the 
maximum range problem we hold altitude constant and use the energy 
stored in the fuel tanks. The biggest difference between the two problems is 
that in the maximum glide case the propeller is windmilling and creating 
some paraside drag, whereas in the maximum range problem the propeller 
is pulling the airplane and contributing much less drag. Intuitively, One 
should then expect the speed for max range to be near, but somewhat higher 
than, the published best glide speed. In fact this is the case. The published 
best glide speed for the A36 is 127 mph lAS at 3,600 pounds, and the ex
perimentally determined best range speed for that weight is 137 mph lAS. 

It is important to note that the best range speeds given here are all indi
cated airspeeds. If weight is constant, there is one best range indicated 
airspeed which is valid for all altitudes. (You can confirm this fact with a 
second flight test at a different altitude, but be sure to convert your mp set
tings to fuel flow rates when you draw the curves, because any given mp 
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produces a higher fuel flow at higher altitude. See the Appendix for a 
proof.) This means that the best range true airspeed increases with altitude. 
But it is also true that the power required to maintain this indicated airspeed 
rises exactly in proportion to altitude - so it makes no sense to climb in still 
air when maximum range is the objective. In fact the climb is counter
productive, since you give up more fuel in the climb (in part, for cooling 
and lost propeller efficiency) than you get back in the subsequent glide. 
The V35B Handbook substantiates this point. At sea level on an ISA stan
dard day it takes 9.6 gallons per hour to maintain an indicated airspeed of 
150 mph which is close to VUDmax; TAS would, of course, also be 150. 
This would give 15.6 mpg. At 9,000 feet it takes 11.2 gph to maintain an 
lAS of 151, in which case the TAS is 171, but the mpg is 15.3. (The Ap
pendix gives a general proof.) 

One final cautionary note. The reader is reminded that the speeds given 
here were obtained in a stock, off-the-shelf A36 with no exotic or unusually 
accurate engine or airspeed instruments. Other airplanes, with different en
gine instrument and pitot-static errors and different tip tank, antennae, and 
gap seal configurations will get different results. Fortunately, mpg itself is 
not particularly sensitive to small airspeed deviations from optimum. For 
instance, if one flies 10 percent faster than V lJDmax> mpg drops by only 
about 3 percent. 

ADJUSTMENTS FOR WIND 

Most pilots know that when range is a consideration it pays to increase 
power into a headwind and decrease power with a tailwind. If that does not 
make sense, consider this: if you flew at your zero-wind best range speed 
into a headwind of equal velocity, your groundspeed and range would be 
zero. But you could obviously improve on that by adding power. 

Figure 19.2 shows that the same principle holds for less powerful head
winds. Note that we have converted the horizontal axis from lAS to TAS 
for Figure 19.2. A headwind has the effect of shifting the origin of the tan
gent line to the right by the amount of the headwind. So if a TAS of 129 
mph gave maximum mpg with no wind, a forty mile per hour headwind 
would call for a T AS of 137 mph. A tailwind would shift the origin left and 
lead to a reduction in the maximum range speed. The exact amount of the 
required change in T AS depends upon the curvature of the power required 
curve and the strength of the wind, and no simple rule of thumb seems to 
cover all cases. But it appears from the picture as if a correction factor of 
one fourth the wind will give us a target speed close to optimum for winds 
below 50 mph. For example, for maximum range with a 40 mph tailwind, 
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we should decrease true airspeed by about 10 mph from the zero wind op
timum. 

In the last section we saw that maximum range does not vary with al
titude in zero wind conditions. This means that if the headwinds are weaker 
at a lower altitude, it will always pay to descend in a headwind, provided 
maximum range is the objective. If we are flying for maximum range with 
a tailwind that increases with altitude, the problem is more complicated. In 
this case we have to balance the fuel lost in climb against the gain in 
groundspeed at higher altitude. The proper answer depends upon the rate of 
increase in tailwind velocity with altitude and the length of time to be spent 
in the higher wind. 

SUMMARY 

If the Bonanza were equipped with an angle of attack indicator, we could 
mark a certain point on the dial "best range - zero wind. "We would always 



get max range at that one angle of attack, and there would be no need to 
consider weight. Since we don't have an angle of attack indicator, we must 
use a target indicated airspeed rather than angle of attack, and this means 
we must change the airspeed target as weight changes. If we are to maintain 
a given angle of attack, we must increase the target airspeed when we are 
heavy. The reason for this is that lift must equal weight in unaccelerated 
level flight; so if weight is higher, lift must be increased too. But if angle of 
attack is held constant, the only way to increase lift is by increasing 
airspeed. 

Further, at any given weight, angle of attack in level flight is a function 
of indicated airspeed. So at any fixed weight we will always get the same 
angle of attack at any given lAS, regardless of altitude. 

So our max range strategy boils down to this: 
I. For zero wind, fly at the best range speed as calculated above. 
2. With a headwind, add one fourth the wind velocity to your target 

airspeed. For a tailwind, subtract one fourth the wind. 
3. Use the lowest acceptable rpm to generate the desired speed. 
4. Lean to peak EGT (or leaner for the 10- 550 engine). 

APPENDIX 

I. We show that maximum mpg occurs at a single angle of attack-that 
which gives minimum drag and maximum lift over drag-and the optimum 
angle of attack is independent of weight and altitude. 

First, note that mpg is given by equation (l). 

(I) mpg = Vlf 

where V is true airspeed in miles per hour and f is fuel flow in gallons per 
hour. 

Fuel flow, f, is equal to C-BHP, where C is the specific fuel consumption 
in gallons per hour per horsepower, and BHP is the brake horsepower. Sub
stituting into equation (l), we get 

(2) mpg = V IC-BHP 

Because of propeller inefficiency, not all BHP is converted into thrust 
horsepower, THP. If e is the propeller efficiency ratio, we can write 

(3) e-BHP = THP. 

This implies that equation (2) can be rewritten as 
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(4) mpg = eV IC'THP 

Thrust, T, should be distinguished from THP. Thrust is force, measured 
in pounds, while THP gives a time rate of work in foot pounds per second. 
The two are related by equation (5) 

(5) THP = TV 1375 

Substituting equation (5) into (4), we have 

(6) mpg = 375 eV ICTV = 375e/CT 

Since, in equilibrium, thrust equals drag, D, we can rewrite (6) as 

(7) mpg = 375e/CD 

Assuming e and C are constants (which is very nearly true for small vari
ations in airspeed), we see that maximum mpg occurs at the angle of attack 
giving minimum drag. 

Since L = W in equilibrium, we could also write (7) as 

375e L I 
(8) mpg = C • D • W 

Thus, for a given weight maximum mpg occurs at the angle of attack for 
maximum LID. (Equation (8) also shows that mpg decreases as weight in
creases.) 

Recall from the Performance Fundamentals chapter that drag, D, IS 
given by 

where KI and A are constants, Y is calibrated airspeed, and AW2 = K2 
from the earlier chapter. 

Lift is given by 

where B is a constant determined by wing area and CL is the coefficient of 
lift. 

In equilibrium, L = W, so equation (10) implies 

(1\) y2 = WI BCL 
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Substituting (11) into (9), we have 

Intuitively, one can see that regardless of weight, the strategy for 
minimizing drag is to pick the value for CL which minimizes ABCL + KIf 
BCL . Those who remember their calculus could easily verify that the drag 
minimizing value for Cu call it CL *, is 

(13) CL* = YK l fAB 2 

Equation (13) has several important implications. 
(i) Corresponding to the optimum CL , there is an optimum angle of at

tack. (Refer to the graph of angle of attack versus CL in the Envelope chap
ter.) 

(ii) CL * and the optimum angle of attack depend upon the airplane's drag 
characteristics and wing area (K I' A and B), but not upon weight or density 
altitude. There is one optimum angle of attack (for minimum drag or, equi
valently, maximum UD), and it is good for all weights and altitudes. 

(iii) At any given weight, there is one optimum indicated airspeed, 
V LlDmox , good for all altitudes. Using equation (11), we see 

(14) VLlDmax = VW fBCL* 

(iv) Since Band CL * are constants, as weight increases, V LlDmax will in
crease. In particular, if V T is optimal at weight WT , V; = V T 'l/W;lWT 
will be optimal at a weight ofW;. Examples of the use of this equation are 
given in the text. 

II. In still air, maximum mpg is the same at all altitudes. 
This fact need not be derived, it is obvious from inspection of equation 

(8). Maximum mpg is seen to be a function of weight, propeller efficiency 
(e), engine efficiency (C), and the aerodynamic characteristics of the air
frame [UDmax]. Altitude has nothing to do with it, at least as long as e and 
C are not affected. 
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A surprisingly large proportion of "engine failure" accidents follow this 
pattern: The engine dies, the pilot does a forced landing. On examination it 
is found that the fuel selector is on an empty tank, and there is gas onboard 
in some other tank. Here is the text of a typical accident report of this type: 

When the aircraft took off, the (selected) tank was nearly empty. The 
pilot climbed to his cruising altitude . .. and relaxed until the engine 
stopped. Assuming that a cylinder had failed, he set up for a forced 
landing into trees. By the time he realized he had run the tank dry, he 
was too low to switch tanks. (Synopsis of Aircraft Accidents-Civil Air
craft in Canada, Issue 3,1984, p. 13). 

The pilot had a commercial license, 2,500 hours, and 135 hours in type. 

IMMEDIATE ACTION ITEMS 

Some Bonanzas have as many as five fuel selector positions, so it is not 
uncommon in a Bonanza to have a tank run dry when there is fuel in another 
tank. This suggests that if the engine should smoothly die, the first pilot ac
tions should be to switch tanks and turn on the fuel pump. A glance at the 
fuel flow guage should confirm the source of the problem. To prevent a 
propeller overspeed after restart, the throttle should also be retarded some-
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what until rpm stabilizes. With the engine running again, the fuel pump 
should be shut off-but if this kills the engine, the failure is in the engine 
driven fuel pump and the auxiliary pump should be left on and the mixture 
adjusted. Be careful not to flood and kill the engine with the fuel pump
this is a distinct possibility if either the engine driven pump is still working 
but a tank has run dry or if the mixture is not adjusted afterthe electric pump 
is turned on. 

It is probably a good idea togo through the following drill in flight from 
time to time. Imagine an engine failure, then move your hands to the ap
propriate controls-tank selector, fuel pump, throttle. This should get to be 
a reflex. Selector, pump, throttle. Selector, pump, throttle. If intake filter 
icing is a possibility, actuate the alternate air. 

If the engine suddenly sounds like a clothes dryer with a hammer in it, 
then this selector-pump-throttle drill is not likely to solve the problem. In 
that case, you have to try a couple of remedies quickly, and then, if nothing 
helps, shut down before the engine shakes itself loose. 

We can still begin with the selector-pump-throttle sequence, just in case 
we are getting the rough running from fuel contamination. And we should 
slide the mixture control forward then lean as necessary in case it has crept 
back (which it can do), in which case we are getting the roughness from de
tonation or a lean misfire. The alternate air handle should also be pulled, 
and then released if necessary. In case the roughness is coming from a bad 
spark plug or clogged injector, we can try enriching the mixture. Finally, 
we should try running on the left and right mag only. It is possible that one 
of the mags is damaged or has vibrated out of time, and the engine will run 
well on the other mag. But once these options are tried, there is little else 
we can do for the engine. 

If partial power is available and desperately needed, and if there is no fire 
or danger of the engine shaking loose, we might run the engine at reduced 
power. But with a fire or severe vibration, it should be shut down and the 
Handbook emergency checklist followed. This generally means vent con
trol shut off, mixture to idle, fuel selector off, ignition off, and battery and 
alternator off. 

GLIDE SPEEDS 

Each Beech manual lists a Single glide speed in the Emergency Proce
dures section. The numbers vary from 121 mph lAS for the straight 35 to 
127 mph lAS for the A36. No mention is made of whether these are the 
speeds for maximum glide distance or minimum sink rate. One presumes 
that they are speeds for maximum distance. 
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In theory, the speed for maximum glide distance is V UOm,,, the same 
speed which gives maximum range as discussed in the Emergency 
Maximum Range chapter of this book (see the Appendix for a proof). 
There is a good explanation for this relationShip. The best range speed is 
the speed which takes us the furthest using the energy stored in the fuel 
tanks, while the best glide range speed is the speed that takes us the furthest 
using the potential energy stored in the airplane's altitude. There is a differ
ence though in that the propeller is windmilling and creating some extra 
parasite drag in the glide, and that will reduce the target glide speed some
what. Incidently, that explains why the prop control should be set for 
minimum rpm in the glide, since that reduces the frontal area of the propel
ler. The lower rpm also reduces the energy loss from forcing the engine 
through its compression strokes. The saving in sink rate from retarding the 
prop control is in the neighborhood of 500 fpm-with the prop left at its 
cruise position, our sink rate in the glide might be 1200 fpm, and with the 
prop control retarded it will be more like 700 fpm. 

Perhaps the best way to find the optimum glide speed is by experiment. 
With the throttle closed, prop set in coarse pitch, and the airplane cleaned 
up, trim for 130 mph lAS and note the rate of sink. Then trim for 120 mph 
lAS and again note sink when the airplane has stabilized. Continue in this 
fashion down to speeds of 80 or 90 mph lAS. Trying this in a straight 35 
Bonanza at 2, 100 pounds, we obtain the following: 

mph lAS 

130 
120 
110 
100 
90 

ROC 
-800 
-625 
-500 
-450 
-550 

A graph of these values is shown in Figure 20.1. Apparently the speed 
for maximum glide distance at a weight of 2100 pounds is about 105 mph 
lAS. This is true because we get the maximum glide distance when the ratio 
offorward velocity, V, to rate of sink, ROS, is at a maximum, and this ob
viously occurs at point A where the tangent line meets the ROS line. In fact 
the glide ratio is equal to the Bonanza's maximum lift over drag ratio, 
LlDmax. 
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FIGURE 20.1 

If we tried this at a different weight, we would find a different speed for 
maximum glide range. The reason is that we are really looking for a single 
angle of attack, the one giving LlDmax, and as we have seen before, this 
means that speed must be adjusted for weight. The rule is: 

VI = VT yWI/WT , 

Where V I is the velocity lAS for LlDmax at a weight of WI' and V T is the 
speed for LlDmax found from the flight test and the graph for a weight of 
W T. For example, using ourtestresults, the best glide speed forthe strai ht 
35 at a weight of 2,550 would be 116 mph lAS. (l16 = 105 x 2550/ 
2'iOO.) The difference between this and the published value is likely to be 
due to pitot-static error. 

From an operational point of view, we might want to learn the best glide 
speeds for minimum and maximum weights, and interpolate for inter
mediate weights. Fortunately, the glide ratio itself is relatively insensitive 
to minor errors on either side of the optimum speed. 

THE FORCED LANDING 

Beech is fairly explicit on the proper sequence of pilot actions for the 
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forced landing. Owners should check the Emergency Landing section of 
the Emergency Procedures chapter of their Flight Manuals. Basically, 
Beech's recommendation is this: 
I. Maintain a higher than normal approach speed, so there will be suffi-

cientelevator power to raise the nose (with no prop wash) in the flare. 
2. Fuel selector should be off. 
3. Mixture to idle. 
4. Mags off. 
5. Flaps "as required. " 
6. Landing Gear "Down or up depending upon terrain." 
7. Battery and generator/alternator off. 

This calls for several comments. First, the pilot's problem is to dissipate 
the airplane's kinetic energy as gradually as possible. The lower our 
touchdown speed, the lower will be the kinetic energy at touchdown; so un
less there is a good reason not to, put the flaps all the way out. Second, the 
usual thinking on the proper landing gear position is that it should stay up if 
the landing is on water or some soft surface, and it should go down if a firm, 
smooth landing surface is available. The reasons are fairly obvious-for 
instance, landing on a wet, plowed field calls for gear up to prevent digging 
a gear leg in and tipping over. Comments in the ABS Newsletters from 
numerous Bonanza pilots with gear up forced landing experience confirms 
that the Bonanza behaves itself very well in a gear up forced landing, de
celerating smoothly in several hundred feet. Finally, Beech's recommen
dations don't mention, but certainly aren't meant to rule out, the usual 
emergency actions such as squaking 7700, calling position on 121. 5, tight
ening seat belts and shoulder harnesses, etc. 

An engine failure on takeoff presents its own unique set of problems and 
calls for a separate discussion. We conclude this chapter with a discussion 
of engine failure on takeoff. 

ENGINE FAILURE ON TAKEOFF 

Every year a number of airplanes are destroyed and people killed when a 
pilot tries to do the impossible-tum back to the airport when an engine 
fails at too Iowan altitude. Often enough there is a suitable forced landing 
site straight ahead, but to "save the airplane" a return to the airport is at
tempted instead. 

!t is important to realize that this is a setup for disaster. If there is insuf
ficient altitude for the maneuver, we are likely to (i) hit the ground with a 
wing down and cartwheel to destruction, (ii) level the wings at the last mo
ment and hit with a high sink rate, or (iii) stall in an overly tight turn and hit 
the ground out of control. 
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To prevent this sort of accident, we need to begin each takeoff with a 
plan of action to be implemented in the event of an engine failure. This plan 
should include a commitment to land more or less straight ahead if the en
gine fails prior to reaching some minimum safe tum back altitude 
(MSTBA). But how high is the MSTBA for the Bonanza? 

It would be quite complex to fully work out a theoretical answer to the 
MSTBA question. We would need to determine a target airspeed and an 
optimal bank angle for the tum. If our turn is too shallow, we may take too 
long to turn and hit the ground before we complete the turn; and if we bank 
too steeply, though our rate of turn will be high, so will our rate of sink, and 
this may give less time to complete the turn. 

Probably the best way to establish a working number for MSTBA is by 
experimenting with various strategies in a practice flight. On a good calm 
day, load the airplane to maximum gross weight and climb to three to four 
thousand feet AGL. Dr!Jp the gear, reduce power to idle, slow the airplane 
to 120 mph lAS, and note the rate of sink after everything has stabilized. 
Now trim for 110 mph lAS and note the sink rate. Carry on in this fashion 
until you have checked sink rates at speeds just above the stall. Here are 
some sample results from a 35 Bonanza weighing 2,300 pounds. 

mph lAS 

120 
110 
100 
90 
80 
70 
65 

Rate of Sink 

1100 
900 
700 
500 
375 
375 
450 

Figure 20.2 plots this information. Apparently the speed for minimum sink 
is about 75 mph lAS, while the speed for maximum glide distance is just 
slightly higher at about 80 mph lAS. 

Be sure to note that these speeds are appropriate when the gear is down. 
We have already said that we favor leaving the gear down on takeoff until 
the far end of the runway has passed out of sight under the nose, so on a 
long runway we would probably be in the 400 to 600 foot AGL range be
fore the gear starts up. If the engine failure occurs and a turn back is started 
when the gear is down, it is probably best to leave it down. There are sev
eral reasons. First, we don't need the distraction of the extra fiddling in the 
cockpit. Second, when the gear is in transit, the sink rate will be higher by 
several hundred feet per minute because of the drag from the open inboard 
doors. In the older Bonanzas the combined gear in transit time (i.e., up then 
back down) is 20 to 30 seconds. Since in a turn back at or near the MSTBA, 
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we only have 40 to 60 seconds before touchdown, the gain while the gear is 
up won't equal the penalty while the gear is in transit, so it should clearly be 
left down. If the gear is already up at the time of failure, it should stay up 
until needed, and the target glide speed should be higher. 

Picking the right bank angle involves some compromises. The steeper 
our bank, the quicker we complete the turn. But a steeper bank also means 
a higher stall speed and greater induced drag, which translates into a higher 
sink rate. A thirty to forty-five degree bank seems like a reasonable com
promise. 

Note that even the optimal ground track for the turn is problematic. A 
simple 1800 turn will not work, since you will complete the turn some dis
tance from the runway centerline. A more elaborate pattern, something like 
those shown in Figures 20.3 and 20.4, is necessary to get back to the run
way. Note that the actual number of degrees of turn is closer to 3600 than 
1800

• If we are already past the far edge of the runway when the engine 
fails, it looks as if the pattern in Figure 20.3 is superior, since we finish pat
tern B further from the runway, while we finish pattern A closer. 
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PATfERN A 

PATfERN B 

FIGURES 20.3, 20.4 

Wind direction is another consideration. It should be obvious that the 
proper way to tum is into the wind. 
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In our experiment, we used 80 mph lAS, gear down, a 30° bank, and pat
tern A to get a 700 foot altitude loss on turn back in a straight 35 Bonanza. 
If we add one hundred feet for a recognition lag, we come up with an 800 
foot AGL MSTBA. Hence, inour planning in the straight 35, we figure any 
failure before 800 feet dictates a landing more or less straight ahead. Exper
iments in the A36 suggest the MSTBA is more like 1000 feet AGL, due to 
the higher weight and drag. 

SUMMARY 

Always be ready for the tank selector-fuel pump-throttle drill, and go 
through that in a flash when the engine dies. Beyond that, learn your glide 
speeds and follow the emergency checklist. Perhaps most important from 
the point of view of pilot action is to learn your airplane's MSTBA and 
never try a turn back below that altitude. 

APPENDIX 

We show that an airplane'S glide ratio is equal to its lift/drag ratio and, 
therefore, that its maximum glide ratio is found at LlDmax. 

Consider Figure 20. AI. The triangle on the left is meant to represent the 
glide path of an airplane. If the glide starts at point B, at a height of AB, or 
H, the airplane will glide along the path OB and cover a distance over the 
ground of OA, or G. The glide ratio is G/H, or ONAB. The glide angle is 
X. Our object is to maximize the glide ratio, or equivalently, to minimize 
the glide angle. If we pOinted the nose straight down, the glide ratio would 
obviously be zero; and if we held the nose way up and picked a glide speed 
just above the stall, the high induced drag would give us very poor glide 
performance as well. Somewhere in between is the optimal speed. 

Consider an airplane along the glide path at point C. In a steady glide, the 
forces acting along the flight path sum to zero, as do the forces acting per
pendicular to the path. Lift acts perpendicular to the relative wind, as 
shown by the vector CL. Drag acts along the flight path, as shown by vector 
CD. Weight acts downward toward the center of the earth (CW) and has a 
component CJ acting along the flight path and a component CF acting per
pendicular to the flight path and opposite to lift. 

In equilibrium CL = CF and CJ = CD = WF. 
We know that triangle OAB is similar to triangle CFW. This means that 

ONAB = CF/WF. ButONABistheglideratioandCF/WFistheliftJdrag 
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ratio, so the two are equal; therefore, we get a maximum glide ratio at the 
angle of attack giving LlDmax. 

The significance of this is that we can then use the square root formula to 
find the speed for LID max at any weight provided we know the proper 
speed for one particular weight. 

L 

D 
c 

F 
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W 

H 

~x 

0 
G A 

FIGURE 20.Al 
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CHAPTER 21 

MISCELLANEOUS MINOR 
EMERGENCIES 

155 

This chapter treats two minor emergencies, an open cabin door, and 
manual gear extension. 

UNLATCHED DOOR 

This is really not an emergency at all and would not prompt any comment 
here were it not for the fact that some pilots panic when the door pops open, 
and then their panic (and resulting failure to fly the airplane) rather than the 
open door creates an accident. The usual sequence of events is this: Prior to 
takeoff, the door was shut but the inside handle was not turned so as to 
tighten the door's upper hook latch on the roll pin in the latch bracket above 
the door opening. The door looks closed and even a bump against it at 
shoulder level will not pop it open, but in fact it is not latched. When the 
airplane rotates on takeoff, the low pressure area above the wing will draw 
the door open. This happens about the time the airplane leaves the ground. 
There is a startling "bang" and then a good deal of wind and noise. Light, 
loose objects, like charts, will fly out the door opening, which is about 
three inches wide at the aft end of the door. 

Aside from the barely perceptible increased drag form the open door, the 
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airplane will fly normally, and there is nothing the pilot need do but con
centrate on flying the airplane. In normal circumstances, by far the best 
procedure is to fly the airplane around the pattern, land, and shut the door. 
Some pilots claim to be able to close the door in flight by slowing down, 
opening the storm window and slipping the airplane into the door. Person
ally, I have never been able to do this, but I see nothing wrong with trying 
provided the airplane is clear of clouds and is at a safe altitude. The impor
tant things are first not to lose one's composure when the door pops open 
and second not to lose control of the airplane while trying to close the door. 

MANUAL GEAR EXTENSION 

There are several reasons why the gear may not extend when the switch 
is put down-the switch may have failed, the circuit breaker may have pop
ped due to a short, the limit switches may have failed, there may be a dis
continuity in the wiring, the gear motor may be bad, etc. If this happens, 
step one is to open the Handbook to the Landing Gear Manual Extension 
page of the Emergency section. The checklist calls for pulling the circuit 
breaker, putting the gear handle down, removing the cover from the hand 
crank, pulling the actuator hand crank out of the hand crank housing, and 
turning counterclockwise until the gear extends. It helps to start by putting 
the pilot's seat as far back as practical and the co-pilot's seat as far forward. 
Slow the airplane to about 100 mph and get it well trimmed before starting 
to crank. Then crank ten revolutions and trim, ten more and trim, etc. 
Check gear position with the gear lights and mechanical indicator, if avail
able. Fold the hand crank back into its housing after cranking, and then 
don't tamper with the gear system further until the plane is on jacks. 

In a practice manual extension, be sure to stow the handle prior to elec
trical retraction. If the motor turns while the hand crank is extended, the 
handle turns at a furious pace, and this has been known to hUli rear seat 
passengers or catch and hang up on loose objects-possibly jamming the 
gear for real. 

If the gear does not extend manually either, one has to plan for a gear up 
landing. One hears of all sorts of heroics to save the airplane in these cir
cumstances, such as landing on moving trucks or having ground personnel 
pull the gear down as the airplane slow flies over an open, moving vehicle. 
But the priority should bc with passengers, not property. One should begin 
by burning off most of the fuel. This will lower the weight and, therefore, 
the landing speed and reduce chance of fire. (Don't carry this too far, how
ever. Remember the case of the United Airlines crew that burned off all the 
gas and crashed short of the airport due to fuel exhaustion.) The flaps 
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should be put down to lower the touchdown speed. 
The landing site should be smooth, level sod or foam, if possible. Beech 

recommends killing the engine with throttle, mixture, and fuel selector 
once the field is assured. This has the advantage of greatly reducing the 
probability of engine and prop damage, and it will purge some forward fuel 
lines of fuel. But it takes away the chance to arrest a high sink rate prior to 
touchdown, and it precludes the go around option should the approach go 
awry at the last minute. It seems the engine cut prior to touchdown is open 
to disagreement. 

In any event, a gear up landing on a suitable surface is not necessarily a 
lethal, or even a high risk, maneuver. Many Bonanzas have been landed 
gear up with no harm to the passengers and only minor (at least repairable) 
damage to the airplane. 

The F33A. Photo courtesy of Beech Aircraft. 
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CHAPTER 22 

CONCLUSION 
SOME IMPORTANT SPEEDS 

In the introduction to this book, we said that one has to acquire two sets 
of skills to become a good Bonanza pilot. First, one must be able to get the 
airplane to do what one wants-for example, to climb at 80 mph lAS with 
full power, gear and flaps down. And second, one must do enough home
work to know what one should want from the airplane in various cir
cumstances-for instance, how fast should one fly in turbulence at light 
weights? Much, but not all, of this second skill involves knowledge of the 
proper airspeed for each flight operation. Consequently, we will end this 
book with a summary of the most important speeds. 

Table 1 lists twenty important speeds. The values shown arefor the A36, 
but the subsequent discussion should give the reader enough guidance to 
complete a similar table for his or her own Bonanza. For reasons which will 
be obvious shortly, some of the speeds are approximations, but the errors 
are probably well within the range of error of the airspeed indicator, which 
is plus or minus three percent. When a speed range is quoted, the lower 
speed applies to a minimum weight of 2600 pounds and the higher speed 
applies when weight is at maximum gross. If altitude is a factor, we assume 
density altitude is 5000 feet. 

1-4. The power idle stall speeds are read from the chart in the Perfor
mance section of the new Beech Handbook. The power on stall speeds are 
not reported in the new Handbooks, but the old Handbooks gave this infor-
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mation and showed the stall speed to be 12 to 15 mph lower with full 
power. 

5. The normal liftoff speed range is taken from the Take-Off Distance 
page of the Performance section of the new Handbook, except that we ex
trapolate to 2600 pounds where the table only goes to 2800 pounds. The old 
Handbook gives a range of 67 to 82 tnph lAS, so these numbers seem well 
established. 

I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

Table 1 

Power on stall, gear and flaps down 
Power on stall, gear and flaps up .. 
Power idle stall, gear and flaps down 
Power idle stall, clean .... . 
Liftoff, normal ............ . 
Normal takeoff, 50 foot speed ... . 
Short field, liftoff and 50 food speed . 
V x' flaps 20 degrees, gear down 
V x' clean ............. . 
V y' flaps 20 degrees, gear down 
'1/1' clean . . . . . . . . 
Maximum glide range 
Maximum cruise range 
Va 
VNO 
VLE 
VFE 
Normal landing 
Short field landing 
Balked landing ., 

Speed mph, lAS 
41-48 'l .. "2 
51-60 lj5 0' 
58-63:5'; 
63-72 / .• ? 

71-81 ;.,':'.~ "il 

.. 83-90;: ,£ 
66-77 ;'. ," 
68-77 ; ". - ['7 
83-90 "'" .. ; 
74-83 

100-110 ,,-;.' 
108-127 ",'- ';"'i 

116-137 
141-161 ,,)- .. ' 

191 -, 
. . 176 IS:· 
. . 142 ,. =-.: 
83-87 -", -)(" -. ,., 
70-82 
70-87 .f. - ?/~ 

6. The normal takeoff, 50 foot speed range comes from both Handbooks. 
Again we extrapolate for the slightly lower weight. This is complicated 
somewhat by what appears to be a misprint in the new Handbook, which 
shows a sharp drop in the 50 foot speed as weight falls from 3000 to 2800 
pounds. 

7 and 8. V x> flaps 20 degrees, gear down and short field takeoff. As long 
as Beech has said anything at all about obstacle takeoffs, it has recom
mended that the liftoff and 50 foot speeds be equal. The values shown are 
taken from the old Handbook and are very close to the author's experience 
on the best angle speed with gear down and flaps 20°. The reader can exper
iment for himself or herself to find these speeds using the technique de-
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scribed in the Climb chapter of this book, Recall that the rule of thumb for 
changing V, with altitude is to raise V, by one-half mph per 1000 feet 
density altitutde, 

9, V" clean, The higher value for V, comes from the new Handbook, 
the lower value is an approximation, The value published by Beech is pre
sumably appropriate at max gross weight. The rule of thumb is to reduce V, 
by 1 mph for every 100 pounds under max gross, and this would give 80 
mph lAS at 2600 pounds, It seems, however, that Beech has made an effort 
to set its 50 foot, normal takeoff speed at or very near V" and the old Hand
book lists the flaps up, 50 foot takeoff speed as 83 mph at 2600 pounds, so 
we pick the latter value for our target V, at light weight. This value seems 
to be corroberated by the data in Figure 6,2, 

10, Vy, flaps 20 degrees, gear down, None of the Beech Handbooks give 
this information for the A36, The author's best guess is arrived at as fol
lows: The old Handbook for the 36 lists V y at 3600 pounds with gear and 
full flaps down as 78 mph lAS, With flaps 20° down, V y will be slightly 
higher-say 83 mph lAS, This is very close to the value the author has ob
tained in flight test, and it is, as expected, somewhat higher than V, in 
number 8, Vy is lower at lighter weights, 

11, V y clean, The higher value comes directly from the new Handbook, 
and the lower value is an approximation using the one mph per 100 pounds 
rule, 

12, The speed for maximum glide range occurs at a Single angle of at
tack, so speed varies with weight by the usual square root formula, If 127 
mph is the appropriate speed for a weight of 3600 pounds, then 108 mph 
(= 127 \,12600/3600) will be appropriate for 2600 pounds, 

13, Maximum cruise range, Using the methods outlined in the 
Emergency Maximum Range chapter, the author has found that the speed 
for maximum range at 3200 pounds is about 129 mph lAS, This speed, like 
the maximum glide speed, must be adjusted for weight to maintain a con
stant angle of attack, At 3600 pounds, the max range speed would be 137 
mph (= 129 \1'3600/3200); and at 2600 pounds, the speed would be 116 
mph (= 129 V2600/3200), 

14, The maneuvering speed, Va' is one of the most important speeds the 
pilot should know, Our extensive theoretical discussion of this speed in the 
Envelope chapter showed that Va equals 2,098 times the stall speed, The 
stall speed chart for the A36 shows the calibrated (we must correct for pitot 
error), clean stall speed as 76 mph at 3600 pounds, With some rounding 
error, this gives a maximum gross weight Va of 161, as published in the 
Handbook, At 2600 pounds, the stall speed drops to 67, so Va would be 141 
= (67 x 2,098) at this lighter weight. 

15, The top of the green, or V NO, is listed as 191 mph lAS, At this speed 
the A36 should be safe meeting a 30 foot per second sharp edged gust at 
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maximum gross weight. When the airplane is lighter, the same gust will be 
capable of accelerating the airplane upward by more than before. This re
sults in more of a load on the engine mounts, battery box, baggage area, 
floor, not to mention the pilot and passengers. Though the airplane is 
strong enough to withstand these loads, prudence dictates that we slow 
down more when we are lighter. If our policy is, as it should be, to stay 
away form the yellow arc at all times, we should stay further away at lighter 
weights. 

16 and 17. The maximum flap and gear extension speeds are listed in the 
limitations section of the new Handbooks. 

18. The normal landing approach speed range is taken from the new 
Handbook. In general, Beech derived the speed by multiplying the staB 
speed by slightly more than 1.3. 

19. The new Handbooks do not give advice on short field landing 
techniques. The FAA advises the pilot (Flight Training Handbook, 1980, 
p. II \) to maintain "not more than 1.3 V so." The old Beech Handbooks 
generally recommended speeds of about 1.25 V so. The old Beech Hand
book for the A36 recommended about 1.2 V so' listing a speed range of 66 
to 80 mph lAS for short field approaches. The author prefers speeds from 
70 to 82. These were arrived at through experimentation. Of course, the 
speeds should be higher in gusty air. The rule of thumb is to add half the 
gust factor. 

20. In general, the balked landing speed should be the same as the land
ing approach speed. If one is making an aggressive short field landing at 
light weight, it would not do any harm to fly the balked landing somewhat 
higher than 70 mph lAS, if one is more comfortable at the higher speed. 
But the important thing is not to try to accelerate to 110 mph lAS (the only 
published best rate speed) until the airplane has climbed to a safe altitude 
and is cleaned up. See the discussion in the Landing chapter. 

If any of these speeds seem overly agressive, then I remind the reader of 
a caution from the introduction "If this book suggests that the airplane be 
flown at any speed or maneuvered in any way which is outside the range of 
experience of the reader, I strongly uFge him or her to experiment first at a 
safe altitude with an experienced Bonanza instructor onboard." 

FINALLY 

If there is an overriding theme to this book, it is that the Bonanza pilot 
should make a science of flying his or her airplane. This means that the 
Bonanza's performance and characteristics should be explored and 
methodically experimented with in flight in order that the pilot better un-
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derstand the airplane's capabilities and traits. One should, for example, ex
periment to determine minimum safe turn back altitude and take note of de
graded stability at aft cg. And more than that, the pilot should spend time 
on the ground interpreting the flight experiments in light of the basic theory 
of aircraft perfonnance and stability. It is hoped that this book can help. 
But the purpose of this book is not to present the answers, so much as to 
show the Bonanza pilot how to find answers for himself or herself. That is, 
in part, why we have refrained from giving a catalog of, for example, 
V UDmax values for all Bonanza models. We feel it is more valuable for the 
pilot to find these for himself or herself experimentally, using the text as a 
guide. (In addition, since each Bonanza has its own unique combination of 
gap seals, tip tanks, antennae, pitot-static error, tachometer error, etc., any 
quoted value would be an approximation at best.) 

Finally, the Bonanza is great fun to fly, but it is not a toy. Its capabilities 
rival those of airliners only a generation old. Study it like a great book, and 
fly it with respect. You owe it to those who trust you at the yoke. 
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POSTSCRIPT 
I have repeatedly cautioned the reader not to simply lift a speed from this 

book and apply it to his or her airplane on the assumption that what is true for 
my Bonanza is true for all. It is up to you the reader to find your own speeds 
using your own airplane, with your engine and prop, your aerodynamic 
modifications and your pitot-static system. This book has given ample gui
dance on how to do this in each case, but as a final reminder I caution the 
reader to do all of his or her practice and experimenting at a safe altitude. 

For instance, you can practice the balked landing at altitude by reducing 
power, extending gear and full flaps, and trimming for the recommended 
50 foot approach speed. To simulate the balked landing, feed in full power 
and pitch the nose up enough to freeze the airspeed at its approach value. 
Note the stick and rudder forces, and note the deck angle. Experiment with 
slightly faster and slower speeds to verify that the balked landing speed is 
very close to the unpublished Vy with gear and full flaps extended. 

If all this sounds too challenging, then do not attempt it without an ex
perienced Bonanza instructor aboard. By far your best opportunity to really 
get comfortable with your Bonanza and to discover its traits in both 
maximum performance and routine maneuvers is to take the American 
Bonanza Society's Pilot Proficiency Program. Not only would this class 
give you an opportunity to fly for four hours with a highly experienced, 
hand picked Bonanza instructor, but it would also provide more than ten 
hours of groundschool instruction on Bonanza systems, Bonanza accident 
patterns, Bonanza loading problems, etc. If you are serious enough about 
your flying to have worked through this book, th~n you certainly owe it to 
yourself to take the ABS class." 
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ADDENDUM 
On October II, 1986, just as this book was about to go to press, Beech 

issued a Safety Communique regarding critical airspeeds for the V-tailed 
Bonanzas. Citing "concern about the load distribution under extreme 
flight conditions," Beech called for the following new operating restric
tions: 

Models 
35 to035 

H35toV35B 

Max Cruise 
135mph (I17kts) 
I77mph (I 54kts) 

VNE 
144mph (125kts) 
197mph (l7Ikts) 

V, 
127mph (IlOkts) 
!32mph (I15kts) 

These restrictions were decided upon after preliminary analysis of static, 
wind tunnel, and flight tests done by Beech on K and C model Bonanzas. 

On October 16, 1986 the FAA issued Emergency Airworthiness Direc
tive (AD) No. 86-21-07 which: (i) made the Beech operating restrictions 
manditory, (ii) called for the installation of placards and airspeed indicator 
markings for the new speeds, and (iii) restricted the V-tail Bonanza to 
operate in the normal category only. According to the FAA, the "initial 
results from (the Beech) tests indicate that the empenage strength may 
be marginal when the airplane is operated in certain flight conditions 
within the approved flight envelope." And the speed restrictions are neces
sary to "preclude developing airlo'ads which could result in structural 
failure. " 

Until further notice from the FAA, the restrictions should be rigidly 
observed. On the brighter side, Beech has promised to "develop and 
produce modifications required to restore your Bonanza to its original 
operating parameters." But until this takes place, V-tail design airspeeds 
given on pages 25 and after as well as some cruise and climb speeds 
listed in chapter 8 and elsewhere in this book are superseded. In view of 
the fact that these restrictions are, at least hopefully, only temporary until 
Beech comes up with a fix, I have decided to leave the text as is. 


