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APPENDIX A

PERFORMANCE DATA
(HELICOPTERS WITH T58-GE-5 ENGINES)
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INTRODUCTION.

The performance data contain.ed in this Appendix . :

is for CH-3E and HH-3E helicopters equipped with
T58-GE-5 engines. Explanatory text pertinent to
the use of the charts contained herein precedes the
charts. A mission planning section, included after
the charts, contains sample problems of normal
mission accomplishment. The sample problems
used require the use of as many charts as possible
in an effort to acquaint the user with the broad
scope of information that may be derived from the
charts. The charts presented in this Appendix are
based on the use of either JP-4 or JP-5 fuel which
have a density of 6.6 lb/gal. and 6.8/gal., respec-
tively. A miniature chase-around is provided at
the top of each chart to illustrate the manner of
obtaining data from the chart.

PURPOSE OF PEREFORMANCE
DATA. o

The charts presented on the following pages are

NUMBERCHART ...........ccvvuene A-13
MAXIMUM AIRSPEED CHART.......... A-13

MISSION PLANNING. . ...........cven A-13

provided to aid in preflight and inflight planning,
Through the use of the charts, the pilot is able to
select the hest power setting, altitude; and airspeed
to be used to obtain optimum performance for the
mission being flown. Under normal conditions
103% Ny should be used for all computations.

N_OT_E .

Performance data are reduced if you
accept an engine which is producing
less than 100% of charted value. Subtract

. the difference noted in the tapping/power -
available check from:charted value to get
the corrected power available. Power in-
dications higher than charted value will
not be added to:chart specifications.

COMPRESSIBILITY EFFECTS.
Rofor é.ompressibility effects héve been encounter-
ed on this helicopter, This phenomenon is a result

of the rotor tlp approaching the speed of sound.
Compressibility causes an abrupt and lerge increase

Change 1 A1
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in drag and a slight decrease in lift when the velo- -
city of some portion of an airfoil approaches the

speed of sound. A convenient parameter to meas- . - -

ure the degree of compresslblhty is Mach number,
which is the ratio of the airfoil velocity to the local
speed of sound. It is important to remember that

the speed of sound is dependent on the ambient - -

temperature. Thus, if the resultant rotor tip velo-

city remains constant (such as constant rotor rpm
in hover), changes in the ambient temperature will
change the speed of sound and thus change theé tip

- Mach number. A cold day will produce higher tip

Mach numbers than a warm day, all other things
being equal. Consequently, the ambient tempera-
ture affects the degree of compressibility present
and therefore also affects the power required, The
charts in this Appendix have been corrected for the
effects of rotor blade compre551b1hty

ALTITUDE DATA.

PRESSURE ALTITUDE.

Pressure altitude is the altitude indicated on the
altimeter when the barometric scale is set on 29.92.
It is the height above the theoretical plane at which
the air pressure is equal to 29.92 inches of mercury,

DENSITY ALTITUDE.

Densrty alt1tude is an expressmn of the densnty of--:
the air in terms of height above.sea level; hence,

the less dense the air, the higher the density. a1t1_ .

tude. For standard conditions of temperature and .
pressure, density altitude is the game as, preggure:.
altitude. As temperature increases above standard
for any altitude, the density altitude will also in-
crease to values higher than pressure altitu_de.__)

DENSITY A%TITUDE GHART.

- The density altitude chart (figure A-1) provides a

" means of determining density altitude from a

known pressure altitude and at OAT. Along the

right side of the chart, the reciprocalsguare root
of the dens1ty ratio is given to provide a means of
computing trie airspeed at. any altitude from CAS.
Figure A-1 also provides a means to convert Fahr-
enheit: temperatures to Centlgrade temperatures
or.vice versa. P o
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..~ Example Problerr_r for Use of Density Chart.

Given: =
CGATY 200C
Pressure altitude 2000 feet
Determine:
Density altitude
Solution: (Refer te figure 'A-1)) -
1. Enter chart at 209C.

2. Move up to 2000 foot pressure altltude
line, then move horizontally to the left to
the densxty alt1tude scale and read 3000
feet, :

AIRSPEED CALIBRATION -
CHART

oy

' An airspeed cahbratron chart (flgure A-2) is pro-

vided to supply the corréction required to deter-
mine calibrated airspeed (CAS). Indicated airspeed
(IAS), as read from the instrument and corrected
for instrument error, plus or minus-installation cor-
rection, equals calibrated airspeed (CAS). Because
of the speed range:thtctigh: whiéh theHelicopter
operates, compressibility corrections to airspeed
are negligible and were mtentlopally omltted
EXAMPLE PROBLEM FOR USE OF AlRSPEED
CALIBRATION CH’A'RT‘ = ‘

leen coi
Cand NORETTeS .
st ’60 KIAS
i Climb and: accelera-
& tion tukeoff
: . Sl "!m K
DetiarmmeT TRy

. -,-’

Calibrated alrspeed d
Solutlon (Refer to flgure A2, )
1. Enter chart at 60 KIAS
2. Move up to-the takepff line, then.move -

horizontally to the left to the calibrated
airspeed scale and read 45 knots, }

Gl



TRUE AIRSPEED CORRECTION.
True airspeed (TAS) is obtained by multiplying
CAS by the conversion factor 7F = shown in
figure A-1, for the density altitude at whlch the
CAS reading is taken.
Given:

OAT 200C

Pressure altitude 2000 feet
Determine:

CAS and TAS.
Solution: (Refer to figures A-1 and A-2.)

1. Enter the density altitude chart (figure A-1)

at 20°C and move up to intersect the 2000-
foot pressure altitude line; -

2. From this intersection, move horizontally -

to the right and read equal to 1.045.

3.  Enter the airspeed calibration chart (figure
A-2) at 60 KIAS and move up to intersect .
the takeoff line,

4. From this intersection, move horizontally
to the left and read a CAS of 45 knots.

5. Multiply CAS X 7 to obtain TAS, or
45 KCAS X 1.045 = 47 KTAS. -

POWER AVAILABLE CHARTS

Varnous atmosphenc condmons, such as OAT and
pressure altitude, have an effect on the capablllty
of the engine to produce power, Data for power
available at three power settings i is shown: maxx— ,
mum power’ aVallab]e (flgure A 3) mllltarj? power '
power available (flgun A 5) QAT and pre_ssn-rg (
altitude effects on power available are shown on
the charts. Also shown on the charts is a wheel
height con-ectlon for engine exhaust rec1rcu,1at10n y
effects that exist while hovering in a dead calm
wind cond1t1on Flgures A-3, A- 4 and A-5 provide
power available data that is the minimum power
output expected of a properly tuned specification
T58-GE-b engine operating at 721°C T for figure
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A-3; 6969C T5 for figure A-4; and 660°C Tg for -
figure A-5. The performance of the charts in this
Appendix are based on the power output shown in
figures A-3, A-4, and A-5. No allowance for engine
deterloratlon below a specification. engme is con-
tained in the charts.

The power output capability of the
engine can exceed the structural limit of
the transmission under certain conditions,
Therefore, the power limitations in Sec-
tion V should be observed to prevent ex-
ceeding the power limitations iraposed

by the transmissions, These limitations
-are also shown on the charts.

NOTE

e Head or crosswmds of 3 knots or more
reduce exhaust’ gas recirculation effects.
Tailwind conditions aggravate remrcula-
tion. .

‘¢ Engines received from jet engine base
maintenance:facility may be 3% below
maximum power available chart value.
New or newly overhauled engines should
meet maximum power available values
during initial installation check, Maxi-

. mum power available charts do not
reflect engine operation with anti-icing
on. :

.@ If the power available. is, being computed
~ in forward flight, adjust pressure altitude
by the amount indicated when the se-
lected factors are applied to figure A-7 .
Airspeed Effects on Power Available 6n
. -Fuel Flow Charts.

¢ When using figure A-7 to correct the alti-
tude for airspeeds above 3 KIAS.on -
figures A-3, A-4 and A-5, usge the wind
. temperature scale. :

e Maximum Power (torque) available will -
be some 4% Power (tarque) less if engine

- anti-ice is on during maximum power
available check. -
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EXAMPLE PROBLEM FOR USE OF POWER
AVAILABLE CHART.

The power available charts are illustrated in the
same manner; therefore, figure A-3, Maximum
Power Available - 5-Minute Limit-One Engine, is
used to illustrate the example problem.

Given:
OAT 200C
Wind | 5 knots
‘Wheel height 30 feet
Pressure altitude ‘2000 fee;c
Np . 103%Ny
Determine:

* Torque available at maximum power.

Solution: (Refer to figure A-3.)

1. Enter chart at 20°C QAT on the WITH
WIND temperature scale

2. - Move horizontally to 2000 feet pressure
altitude without wheel height correction,

3. From this intersection, move vertically
downward to the 103% Ny line.

4. From this point move horizontally to the
-indicated torque scale and read 103% Q.

TORQUE VS FUEL FLOW
CHART.

The torque vs fuel flow chart: Cflgure A 6) ‘provides
the means for computing fuel consumption for a
selected altitude and power rating. To find thé fuel
flow in pounds per hour for one engine, enter the
chart at the indicated torque on the bottom scale.
and proceed vertically to the proper altitude line.
From this point of intersection move horizontally
“left to the scale and read the fuel flow in pounds

= per hour, :

A4 -

| CHART i i

"NOTE

- If fuel flow is being computed in forward
flight, OGE, apply the indicated torque
to a pressure altitude that has been ad-
justed by the factors computed from
figure A-7, Airspeed Effects on Power
Available and Fuel Flow Chart. If the
fuel flow is being computed at zero air-
speed no pressure altitude adjustment

'i5 necessary.

EXAMPLE PROBLEM FOR USE OF TORQUE

VS FUEL FLOW CHART.

Given:
Torque 29% @
Pressure altitude 2000 feet:
Alrspeed 0 knots |
'Determine'

Fuel flow per engme

Solution: (Refer to fxgure AA6 )
1. Enter chart at 9% Q.

2. Move vertically up to the intersection of
the 2000-foot altitude curve,

3. From this intersection, move hotizontally
to the fuel flow curve and read a fuel flow
of 790 pounds per hour per engme

4. Add 2% of 790 pounds (16 lbs), in accord- _
© " ance with note (2) on the chart, to obtain
' 806 pounds per hour per engine

AIR,SPEED EFFECTS ON POWER
AVAILABLE AND: FUE LIFLOW

H‘t.(\ <>

doiedre s

The au-sﬁeed éffeéts}én power abaﬁablé‘and ’fub:
flow chibet (figure A7y giaphically fustidtes the '
effects of adtspeed: of powet avillable dhddfiiel’ ™
flow, with the FOD shle]d"oﬁ or bff it éiBéted




pressure altitudes and outside air temperatures,
The chart presents the pressure altitude adjustment
. to be added or subtracted algebraically from the
selected pressure altitude when being applied to
the power available and fuel flow charts. Further,
when applying the adjusted pressure altitude to the

' power available charts it will also be necessary to

reduce the selected OAT by 2.5°C to compensate
for the difference in engine inlet temperature rise
between OGE hover and forward flight.

EXAMPLE PROBLEM FOR USE OF AIRSPEED
EFFECTS ON POWER AVAILABLE AND FUEL
FLOW CHART.

Given:
Indicated airspeed 60 KIAS
OAT 200C
Selected pressure 2000 feet
altitude
FOD shield ON
Detertine:

Pressure altitude adjustment necessary to
apply to power available and fuel flow
charts,

Solution: (Refer to figure A-7.)
1. Enter the chart at 60 KIAS

2. 7 Foliow the gu:delme to the baselme of the
QAT scale, then continue to follow the
guideline to a point that intersects the
200C OAT line.

3. From this intersection, move vertically up-
ward to the pressure altitude baseline, then
follow the guideline to a point that inter-
sects the 2000-foot pressure altitude line,

4. From this point, move vertically to a point
that intersects the shield on line.

5. From this point, move horizontally to the
left to the pressure altitude adjuster scale
and read plus 175 feet.

T.0. 1H-3{C}E1

HOVERING CHARTS. -

The hovering charts (figures A-8, A-9, A-10, and
A-11) provide a means of computing the maximum
gross weight and indicated torque required to
hover at all wheel heights in ground effect, out of
ground effect; and the effect of headwinds.

MAXIMUM GROSS WEIGHT FOR HOVERING -
ZERO WIND - TWO ENGINES,

The maximum gross weight for hovering - zero
wind - two engines chart (figure A-8) provides a
means of computing the maximum gross weight at
which the helicopter can be hovered in ground
effect and out of ground effect. The gross weight -
is based on zero wind with various combinations
of pressure altitude, OAT, rotor speed, ahd wheel

‘height.
Example Problem’ for Usa'of Maximuin Gross
Weight for Hovering Chart.
Given:
Pressure altitude 2000 feet
OAT -~ 20°C
Rotor speed 103% Ny
Wheel height 30 feet
Determine:

Maximum gross weight for hovering at
max:mum power and 30-foot wheel
helght

Solution: (Refer to figure A-8,)
| 1. Enter chart at 2000 feet pressure altitude.

2. Move horizontally to intersect the 200C
OAT line.

3. From this intersection, move downward
through the rotor speed grid to the wheel
height baseline, If the rotor speed had been
other than that established for a baseline,
movement would have been to the rotor
speed baseline, the influence line followed .
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to the appropriate rotor.speed; then down--

ward to the wheel height baseline,

4.  From the wheel height baseline, follow the
influence line to intersect the 30-foot
wheel height line, then down to.the gross
weight scale and read 19 ,700 pounds,

TORQUE REQUIRED TO HOVER - ZERO '
WIND - TWO ENGINES. .

The torque required to hover - zero wind - two
engines chart (figure A-10), provides a means of

computing the torque required to hever in ground

effect and out of ground effect, The torque re-
quirement indication is based .on zero wind with .
various combinations of gross weight, density, alti-
tude, rotor speed, tip Mach number, and wheel .
helght

Example Problem for Use of Torque Requured to..
Hover Chart. o : . .

Given:
Gross weight 19,700 pounds
Density altitude 3000 feet
Rotor speed 103% Nr
Air temperature  20°C
Wheel height 30 feet

Determine:
Tbrque 'requi'r:ed'i.;o hb;er. o
Solution: (Refer to figure A-10,).
1. Enter chart at 19,700 pounds’ grosy weight
and move horizontally to the right to inter-

sect the 3,000 feet density altxtude*lme

2. From this mtersectmn move downward to
the base hne

3. From the base line move downward follow-

~ ing influence line to intersect the 20°C line.

AsB- Change 1

4. From this intersection move downward to
- OGE line and read 105%Q for 0GE Hover
at 5b. feet, :

6. From the OGE line move downward follow-
ing influenceline to 30 foot wheel weight
and read 100%Q to Hover at 30 feet.

NOTE _ ‘

'To compute out of ground effect power
required to hover, proceed vertically
down from the baseline and read 106% Q
(wheel height correction is not required
for OGE hover).

HEADWIND INFLUENCE ON MAXIMUM
GROSS WEIGHT FOR HOVERING.

The headwind influence on maximum gross weight

for hovering chart (figure A-9), provides a means of ‘
computing the headwind influence on the maxi-

mum gross weight tﬁat can be hovered at various

wheel heights, .
- NOTE- -~ ‘

The chart deplcts headwmd influence on

gross weight due to changes in power re- ‘
quired to hover, Weight correction for

headwind less than 3 knots is negligible,

Example Problem for Use of Headwind Influence
on.Maximum Gross Weight for Hovering Chart.

Given: _
Gross weight 19§7 00 p‘c;ux.lds
L Headwm S 16 k;‘iotis .. .'
. Wheel h,elshtf 30 feet | ‘

Determine: . ... ..o o0

In.'ﬂuéh;:e 6f 10 l‘éﬁ!ot headwmd on maxi- -
_Ium, grogs we;ght tp hever;at. 30+foot
thel clearance‘

AR L IR TR
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Solution: (Refer to figure A-2.)

1. Enter the chart for the 30-foot wheel clear-
ance graph at 19,700 pounds gross weight
on the basehne

‘ Move vertlcally downward to the 3 knot
headwind line and follow the influence line
. to intersect the 10 knot headwind line.

3. From this 1nt'ersect10n move downward
~ tothe gross weight. scale and read 20,750
_ pounds

HEADWIND INFLUENCE ON TORQUE
REQUIRED TO HOVER.

The headwind influence on torque required to
hover chart (figure A-11), provides a means of
computing the headwind influence on the torque
required to hover at various wheel heights.

Eka,mp_le Problem for Use of Headwind Influence
oh Torque Required to Hover Chart..

Given:
‘Torque 100%
Headwind '10 knots_
Wheel height 30 feet
Determine: | |

Influence of 10-knot-headwind on torque
requlred to hover at 30- foot wheel height.

Solutlon (Refer to f1gure A 11 )
1. Enter the chart at 30 foot Wheel élearance
graph where the 100% torque line inter-

sects the baseline,

2. From this intersection, follow the influence
~ line to intersect the 10-knot headwind line.

. VFr‘bm this intersection, move downward to
the torque scale and read 95.5% torque.

HEIGHT VELOCITY DIAGRAMS.

Figures A-12 and A-13 are plots of minimum
heights versus speed for a safe single engine or
autorotative landing following: failure of one or
two engines. The single engine height velocity curve
is based upon test points flown in low wind condi-
tions at a mid CG and 17,000 and'19,500: pounds
gross weight. The points obtained at the knee of
the curve (low speed, low altitude) were simulated
single engine failure from a takeoff condition and
the others from level flight, The single engine
he1ght-veloc1ty capabilities of the helicopter, in
the low speed range (0 to 24 knots), are a.function
of power remaining in the operating engine. and the
weight of the helicopter, The height-velocity capa-
bilities in the high speed range (24 knots to Vmax)
are less affected by:power remaining and welght
The low speed portion of the H-V curve can be ad-
justed as & function.of we1ght temperature, and
altitude. This:is done by sliding the whole Jow
speed portion of the H-V curve to the right until
the part furthest.to the right meets the computed
airspeed. _

EXAMPLE PROBLEM FOR USE OF HEIGHT .
VELOCITY ONE DIAGRAM ENGINE FAILURE
CHART. -

Given:
Gross wetght 19 '700 pounds
Pressure altitude 2000 foet
QAT - o - 209C: <
Determine:
Height velocity curve speed.
Solutlen o S

1. Enter hottom of chart at .1;3,'7 00 pounds
gross. weight and move vertically to inter-
sect the 2000 foot pressure altitude line,

2. From th1s mtersectlon move hor1zonta11y
to the right to intersect the 209C QAT line.
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3. From thisintersettion, move downward to
the airspeed scale and read 26 KIAS.

4.  Apply the 26 KIAS to the top portion of
the chart to determine the avoid area.

TAKEOFF CHARTS.

The takeoff charts (figures A-14 through A-19),
each for a particular type takeoff, provide the take-
off distance required to clear a 50-foot obstacle at
va.rlous combinations of gross ‘weight, excess power
margin, climb speed, and headwinds., The excess
power margin is an index of the difference between
the maximum power available at the 50-foot ob-
stacle and the power required to hover at a 3-foot
wheel height. (The numerical values on the charts

_are not percent Q.) When operations are conducted
within the regmn noted in the block on the upper
right hand corner, excess power noted in the left-
hand excess power margin grid is reduced by the
amount indicated in the upper right-hand block,
and the takeoff distance computed from that point;
However, when the additional excess power margin
block is on the right-hand side of the chart, and op-
erations are: conducted within that region, excess
power noted ih'the left-hand excess power margin -
grid is reduced by the amount indicated in the
upper right-hand block, and the takeoff distance
computed from that point. As all the takeoff
charts are used in a similar manner, figure A-15,
Distance to Clear a.50-Foot Obstacle - Climb and
Acceleration Takeoff Two Engmes is used for the
example problem;

EXAMPLE PROBLEM FOR USE OF TAKEOFF
CHARTS.

Given:
Gross \#eighf 19, 700 pounds
Pressure altitude 2000 feet |
OAT | 200¢-
Climb out airspeed 60 KIAS |
Headwinds 10 knots
Determine: '

Takeoff distance to clear a 50-foot ob-
stacle,

A-8

Solution: (Refer to figure A-15.)

1.  Apply the 60 KIAS to figure A-2, Airspeed
- Calibration, to determine CAS so that true
airspeed can be computed. Enter chart at
60 KIAS, move up to intersect the takeoff
line, then move left to the CAS grid and
read 45 knots CAS.

2. Refer to figure A-1, Density Altitude, to
compute the true airspeed conversion
factor. Enter the chart at 200C OAT, move
up to intersect the 2000-foot pressure alti-
tude line, then move horizontally to the
right to read a conversion factor of 1,045.
Multiplying 45 knots CAS X 1.045 = 47
KTAS. (Retain this value,)

3. Enter chart at 19,700 pounds gross weight.

4. Move horizontally to intersect the 2000-
foot pressure altitude line;

_ 5. From this infersection; move upward to
intersect the 20°¢ OAT line in the excess
power margin grid.

6. From this intersection, move horizontally
to the right to intersect the all other condi-
tions deflector line, then move down to the
climb out airspeed baseline,

7.  From the climb out airspeed baseline,
follow the influence line to intersect the 47
KTAS line, then move down to the head-

.wind baseline..

8. From the headwmd baselme follow the in-
fluence line to the.10-knot hee,dwm_d line,
then move down to the takeoff distance

-scale.and read 440 feet. - -

The climb charts (figures A-20 through A-25) pro-
vide a means of computing the time to climb, the
horizontal distance covered, the fuel consumed,
and the rate-of-climb for various gross weights,
These values are computed by applying the gross
weights to various conditions of pressure altitude
and temperature. The fuel used does not include



the fuel used for warmup and takeoff. (Approxi-
mately 25 pounds for each T58-GE-5 engine.)
Also included is a climb speed schedule, based on
a decrease of approximately one knot indicated
airspeed for every thousand feet increase in alti-
tude, to provde the climb speed for various pres-

" pure altltudes A temperature scale is also provided
to relate the OAT at various pressure altitudes.
The temperature scale is either based on a warm
day (09C to 40°C) or a cold day (-40°C to 0°C),
for each series of charts. Figures A-20 (warm day)
and A-21 (cold day) provide climb data for two-
engine operation at military power. Figures A-22
and A-23 provide data at comparable conditions
for one-engine operation, Figures A-24 and A-25
provide climb data at comparable temperature
conditions for two-engine operatlon at maximum
continuous power '

NOTE

e If QAT is 09C, use the warm day cha.rts.
If OAT is colder than -40°C, use values
" determined at -4000 o

e Best climb performance is obtained at a’
constant 75 KTAS. The speed schedules
on the climb charts provide appropriate
indicated airspeeds to maintain best
climb performance.

EXAMPLE PROBLEM FOR USE OF CLIMB
CHARTS. |

Given:
- (Gross weight 20,750 pounds

Temperature 189C
(cruise)
Pressufe altitude , _3000 feet
(cruise)
Temperature 200C¢ .
(takeoff)
Pressure altitude 2000 feet
(takeoff) L

Determine: ‘

Rate-of-climb speed, rate-of-climb, time-
to-climb, fuel consumed, and horizontal

T.0. 1H-3{C)E-1

distance covered to climb from 2000
. feet to 3000 feet pressure altitude at
- military power,

Solution: (Refer to figure A-20.)

Since takeoff is from above sea level, it

will be necessary to determine climb

data from sea level to 2000 feet pressure
altitude and from sea level to 3000 feet r
pressure altitude. The difference between

the data necessary to climb to both alti-

tudes will then be the data necessary to

climb from 2000 feet pressure altitude to

3000 feet pregsure altitude.

o

Enter the chért at 20,750 pounds gross
weight,

From the intersection of the 20,750-pound
gross weight line and the 3000-foot pres-
sure altitude lines in the time, distance,

- fuel, and rate-of-climb grids, proceed hor1—

zontally to the left to the OAT baseline,
Follow the influence line in each grid to
the 180C OAT line then proceed horizon-
tally to the left to note the followmg
values: .

Time to climb 2.5 minutes

Distance covered 3.0 nautical miles

Fuel consumed: 66 pounds
Rate-of-climb ' 1000 feet per min-
ute .

Repeat the procedures outlined in step 3
using the 2000-foot pressure altitude lines
and 20°C OAT. However, as 20°C OAT is
the temperature baseline, trace through the
temperature grid to determine climb data
and note the following values:

Time-to-climb 2.0 minutes
Distance covered ~ 2.2 nautical miles

" Fuelconsumed’ 45 pounds

Rate-of-climb 1100 feet per min-
ute

A9
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4.  Subtract the climb data factors to deter-
" mine climb data to climb from 2000 feet

to 3000 feet pressure altitude as follows:
Time to climb (2.5 - 2.0) = .5 minutes

Distance covered (3.0 - 2 2) =
m1les '

.8 nautical

Fuel consumed (66 - 45) = 21 pounds

5. Enter the climb speed schedule at 2000
and 3000 feet pressure altitude and note
the climb speeds. When related to the rate-
of-climb data, note that the initial rate-of-
climb of 1100 fpm at '72 KIAS decreases to

" 1000 fpm at 71 KIAS.

SERVICE CEILING CHARTS

The service ceiling charts (f1g‘ures A-26-and A- 27
show the highest altitude at which a rate-of-climb
of 100 feet per minute can be attained at a specific
gross weight and temperature. Figure A-26 reflects
the service ceiling for two-engine operation at
maximum continuous power and figure A-27 re-
flects the service ceiling for one-engine operation

at military power. Since the service ceiling is affect-
ed by gross weight, it can be raised by reducing the
gross weight.

EXAMPLE PROBLEM FOR USE OF SERVICE
CEILING CHARTS.

Given:
Gross weight .1,9,'_7_0_0.pounds _
Temperature 100¢°
Determine:

"Service ceiling,

Solution: (Refer to figure A-26.)
1. Enter chart at 19,700 pounds gross weight.

2. Move vertlcally to mtersect the 10°C OAT
line,

A-10

3.' From this intersection, move horlzontally‘
to the left ahd read 10 ,600 feet.

~ NOTE

Temperature lapse' rate is not included in
the service ceiling charts,

OAT EST]MATION AT'ALTITUDE

To estimate the OAT at flight a.ltltude first deter- _
mine the QAT at the ground pressure altltude
Enter the chart at the gross weight scale and move
vertically upward to intersect the ground pressure
altitude. Note the chart QAT value, If the ground .
OAT is higher than the OAT from ‘the chart, ser-
vice ceiling i3 less than ground pressure altrtude It
ground OAT is lower than the chart OAT, proceed
as follows: Move vertically up the requlred gross
weight line, Reduce the ground OAT by 2°C for
each 1000 ft that you go above ground pressure
altitude. The service ceiling is found when the re-
duced ground OAT is approx1mately equal to the
chart OAT. The pressure altitude where this occurs
is the serv1ce cellmg

CRUISE CHARTS

The cruise charts (figures A-28 through As 33) pto-
vide the means of computing cruise performance at
various outside air temperaturés. Cruise perform- -
ance is computed by referencing the appropriate
cruise chart for the operating outside air tempera-
ture and flight condition, then applying a gross
weight to pressure altitude and true airspeed para-
meters to determine specific fuel ¢consumption and
fuel flow. The charts also contain a service ceiling
line, optimum cruise altitude line, recommended
cruise speed baseline, and a maximum endurance
line, Maximum endurance is computed by decreas-
ing true airspeed from the recommended cruise
speed baseline,

EXAMPLE PROBLEM FOR USE OF CRUISE
CHARTS.

Given:
Gross weight 20,729 pounds
Pressure altitude 3000 feet. .
OAT 180C -



Determine:

Recommended airspeed and fuel flow
and unit range.

Solution: (Refer to figure A-29.)

1. Enter the chart on gheet 1 at _20,'729
pounds gross weight and move vertically to
intersect the 3000-foot pressure altitude
line.

2. From this intersection, move horizontally,
to the right to the recommended cruise
speed baseline, then down to the-true air-
speed scale and read 123 KTAS. -

3. Continue to move down to the airspeed
baseline, then follow the influence lines to
a point.that intersects the 3000-foot pres-
sure altitude line.

4. From this intersection, move down to the
. airspeed scale and read 117 KIAS.

5. From the intersection at the recommended
cruise speed baseline, move horizontally to
: »the r1ght to the transfer scale and read 5.0.

6. - Enter the transfer scale on sheet 2ath.0
and move horizontally to the right to inter-
sect the 3000-foot pressure altitude hne

7 From thls 1ntersect10n move down to the
unit range scale and note a unit range of
.10 NM/lb of fuel.

8. Continue to move down to intersect the
true airgpeed line, then move horizontally
to the left and note a fuel flow of 1240
Ibs/hr.

9. Determine fuel required for cruise by divid-
ing the distance by the unit range. ‘

SINGLE ENGINE CAPABILITY
CHART.

The single engine capability chart (figure A-34)
illustrates the gross weight capability to maintain
level flight at 70 KIAS for various pressure alti-
tudes and temperatures with one engine at military

T.0. 1H-3(C)E-1

power. The chart also portrays the indicated tor-
que and fuel flows associated with military power
for the various pressure altitudes and temperatures,
If conditions of gross weight, pressure altitude, and
temperature do not permit level flight at 70 KIAS,

-a rate of descent grid is provided for estimating

rate of descent for actual flight conditions.

EXAMPLE PROBLEM FOR USE OF SINGLE
ENGINE CAPABILITY CHART.

Giveh:.
Terhperature 1860
Pressure altitude 3000 feet L
Gross welght 10679 pounds
-Determme o S

- Gross weight capability to maintain:level
flight at 70 KIAS and associated torque -
and fuel flow values. If capability does

- not exist for-given gross weight, deter--
mine the resulting rate of descent. >

Solution: (Refer to flgure A-34))
1.  Enter the cha.rt at 18°C OAT

2. Move vertically to the 3000 foot pressure
altitude-lin€ in the indicated torque grid.

3. From the intersection of the 18°C OAT
line and the 3000-foot pressure altitude
line in the gross weight, fuel flow, and
indicated torque grids, move horizontally
to the left and note the following values:

Gross weight 19,000 pounds

Fuel flow 745 pounds per
hour
Torgue 90%

4.  As the aircraft gross weight is 19,679
pounds, and the gross weight capability to
maintain level flight is 19,000 pounds, it

. is necessary to determine the resulting rate-
of-descent in the following manner,

A-T1
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.- . From the intersection of the 18°C QAT

and 3000-foot pressure altitude lines in the
gross weight grid, move horizontally to the
right to the rate-of-descent baseline; -

From the baseline, follow the influence line
up to the 19,679-pound gross weight line,
then move downward to the rate-of-descent
scale and read 120 feet per minute. This in-
dicates a rate of descent will be realized.at
a gross weight of 19,679 pounds until the
helicopter descends to a pressure altitude
where level flight can be maintained at 70
KIAS.

BLADE STALL CHART.

The function of the blade stall chart (figure A-36)
is to provide a means of determining the speed at
which blade stall occurs under various altitude,
rotor rpm, gross weight, and angle of bank
conditions; S

EXAMPLE PROBLEM FOR USE OF BLADE
STALL CHART.

Given:

A2

Pressure altitude 3000' feet
Temperature 18°C
.Rotor speed . 100% Nr

Gross weight 19,679 pounds

Angle of bank. 20 degrees

Determine:

The indicated alrspeed at whlch blade
stall will occur.

Solution: (Refer to figure-A-3.6‘.)-

1.

Enter the chart at 3000 feet pressure :

altitude.

‘Move horlzontally to the nght to mtersect

the 180C QAT line;

From this intersection, move downward to

‘the rotor speed baseline, then follow the

influence line to intersect the 100% rotor
speed line.

From this intersection, mové downward to
the gross weight baseline, then follow the
influence line to intersect the 19,679
pound gross weight line.

From this intersection, move downward to

the angle of bank baseline, then follow the
influence line-to intersect the 20-degree
angle of bank line.

From thié intersection, move downward to
the airspeed scale and read 110 KIAS.




MAXIMUM AIRSPEED AS LIMIT-
ED BY ADVANCING BLADE TIP
MACH NUMBER CHART.

The maximum airspeed as limited by advancing
blade tip Mach number chart (figure A-37) pro-
vides a means of computing the advancing blade
tip Mach number speed limit. The speed limit is
based on unaccelerated level flight with various
combinations of pressure altitude, QAT, and rotor
speed (Ny). The maximum airspeed limitation that
should not be‘exceeded is indicated on the chart.

EXAMPLE PROBLEM FOR USE OF THE MAXI-
MUM AIRSPEED AS LIMITED BY ADVANCING
BLADE TIP MACH NUMBER CHART.

Given:
‘Pressure altitude - 3000 fe'eil: '
. "‘_'-I‘empemtl‘_ue 180C" |
..Rotor speed 103% Nr

Determjne:

The maximum airspeed limited by blade
tip Mach number.-

Solution: (Refef- to figure A-37.)

1. Enter the chart at 3000 feet pressure
altitude.

2. - Move horizontally to the right to intersect
the 18°C OAT line.

3. From this intersection, move downward to
the rotor speed baselme 103% Np.

4. From this intersection move downward to
the dirspeed-scale and rea_d 180 KIAS.

MAXIMUM AIRSPEED CHART

The function of the maximum airspeed chart is to
reflect the variation in maximuin-aiiframe airspeed
due to variations in density altitude, gross weight,
and rotor speed (Ny).

T.0. 1H-3{C)E1

EXAMPLE PROBLEM FOR USE OF THE MAXI-
MUM AIRSPEED CHART :

leen.
Density altitude - 4000 feet
) Gross weight 20,729 pounds 5
Rotor speed 10.3% Ny ’
Determine: -

The maximum airframe airspeed limit,
Solution: (Refer to figure A-38 )

1. Enter the chart at 4000 feet denmty
altltude

2. Move horlzontally to intersect the 20,729
g'ross welght line,

3. From this intersection, move downward to
" the rotor speed baseline, 103% Ny..

4. From this intersection move downward to
the airspeed scale and read 123 KIAS.

MISSION PLANNING.

TAKEOFF AND LANDING DATA (TOLD)
CARD.

.
The TOLD card.is designed to aid in mlssmn"pian :
ning, The back side of the TOLD card inclades
space to enter either.initial or enroute cruise idfor-
mation, as desired. Use of the cruise mforn;atlon
portion of the TOLD card is optional,

Exampie Problem for Use of the TOLD Card in
Mission Planning. A

. -4
The following discussion includes an example of
mission planning, including the use of the TOLD
card and cruise information. In addition to the
performance charts covered in this section, the
pilot.should refer to the following items and
charts, as required:

1. Desigh maximum gross weight mformatlon
in Section I.
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Center of Gravity Limitations Chart, figure

- 5-8, (used in conjunction with: T.O. 1-1B- .

40, Manual of Weight and Balance, T.O.
1H-3(C)C-5).

Cargo Loading Manual, T.O. 1H-3(C)C-9
and the load adjuster in Section IV,

Refer also to PREPARATION FOR

FLIGHT, Section II. Mission, The following

mission is assigned:

Distance 200 nautical miles
Payload Maximtim

Takeoff field 1000 feet
elevation :
Landing field 2000 feet
elevation

Enroute altitude 3000 feet

(to provide suf-

ficient terrain

clearance)

Usually one of the two fdllow-ing situations will
determine how to begin planning a mission:

1.

Determine the mission weight, if a specific
payload and /or range is given, and check

- that it is within the maximum weight limits

for takeoff at the g1ven ambient conditions.

Determine the maximum t‘akeoff weight

~ condition and then adjust the payload and/

or fuel, as necessary; to’ accomphsh the
gwen mission.

NOTE

e The weight limits for the landing site -

‘should also be checked; however, this

may not be necessary if conditions are -

more favorable than for takeoff

2.

A4

¢ The sample problem is based on situatlon -

Weather Data — Departure,

200C

Temperature_ .
Pressure altitude 2600 feet
Wind 10 knots |

Weather Data — Destination. |
.Témp.eratl‘ire ' 240C
Pressure altitude 2000 feot
Wind

10 knots . -
*“NOTE
In initial flight planning, if weather at
destination is not available, estimate the
pressure altitude and apply the standard
lapse rate by decreasing temperature
29C for each 1000 feet increase in alti-
tude, When arriving at a site for which
weather was not available, recheck the
temperature using the OAT gage and
estimate the pressure altitude for the
landing site by setting 29.92 (corrected
for initial instrument error) in the alti-
meter setting window. Read the pressure
altitude shown on the altimeter and cor-
rect for estimated height above the
ground when the check is made..For
this sample problem, both temperature
and pressure altitude-are estimated. : -

Density Altitude. Refer to denﬂl,ty altltude chart

figure A-1,

= Takeoffx(i.Z,Q?Q-;:_- :
-and 2000 feet
pressure altitude)

3000 feet

Landing (24°C . 8500 feet
and 2000 feet
pressure altitude)
Cruise (18°C 4000 feet
-and 3000 feet
pressure altitude)



Operating Weight.
Operatmg we1ght 12,'7'6‘8 pounds
Power Avallable | |

Refer to Power Avallable Chart for Max1mum _
Power flg'ure A-3.

' Térque available  103%Q@
at takeoff ' L
Torque available

99% Q
- at landing site - . . .

Maximum Gross Weight,

Refer to figure -Ars.; 'Ma.icirhum Gross Weight for -

Hovering - Zero-Wind - Two Engines. For purposes.:

of this example, maximum gross weight is based on
the capability of the helicopter to hover w1th 30
feet wheel clearance

Maximum gross
weight for 30 feet..
hover at takeoff 51te

Max1mum gross
weight for 30 feet
hover at landing site

19 200 pounds

Torque Required to Hover for Takeoff.

Refer to f[gure A-10. Torque Required to Hover -

Zero Wind - Two Engines,

Torque required
to hover at takeoff
gross weight

100% Q

Mission Gross Weight and Torque Required fo
Hover.

For purposes of this example, the mission gross

weight for takeoff is either limited by the capabil- -

ity to hover with a 30 feet wheel clearance at take-
off or (after deducting fuel required for climb and
cruise) the capability to hover at 30 feet wheel

19,'7 00 pounds

T.0. 1H:3(CIE-1.

clearance at the landing site. To realize the effects
of the 10-knot headwind it is necessary to-apply- -
the maximum gross weight to hover (19,700
pounds) to figure A-9, Headwind Influence on .-
Maximum Gross Weight for Hovering, to realize a:
mission gross weight of: 20,750 pounds, It isnow:i/:
necessary to reenter figure A-10.(Torque Required:.
to Hover) with the mission gross weight of 20,760
pounds and obtain a torque required to hover of
106%. When the torque required to hover (106%
Q) is applied to figure A-11, Headwind Influence
on Torque Required to Hover, a torque require-
ment of 103% is- reahzed to hover at m1s31on gross
weight, : : :
Mission gross weight . = 20,750 pounds
to hover.at. 30 feet
wheel clearance and = .
10 knot headwind at - -
takeoff site. . .

Torque required to
hover mission gross
weight at 30 feet
wheel clearance and. .
10 knot headwind at
takeoff site,

103%Q

Determining Fuel Required for Climb.

Determine the fuel required to climb.from 2000
feet pressure altitude tc a cruising altitude of 3000
feet pressure altitude by referencing figure 'A:20,
Climb-Military Power (0°C to 40°C OAT) +Two
Engines. At a gross weight of 20,750 pounds and a
temperature of 20°C, 21 pounds of fual Ave ré-
quired to climb from 2000 feet to 3000 feet pres-
sure altitude,

Determining Fuel Required for Cruise.

Refer to figure A-29; Cruise (08¢ t6-20°C OAT)-
Two Engines, to.deternilite theeruise data at- 3000
feet pressure altitude drid:sh iniitial cruise gross
weight of 20,729:pounidy; Ttids'planhed 1o cruise at
the recommended cruise speed reflected on the
chart. The distance is computed by subtracting the
distance covered during climb from the original

A6
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distance (200 - .8 - 199.2 nautical miles), When the
cruise conditions are applied to the chart, a unit
range of .10 nautical miles per pound of fuel, .a fuel |
flow of 1240 pounds per hour and a true airspeed - )w
of 123 KTAS (117 KIAS) is realized. The cruise ;
fuel can now be computed by dividing the distance
by the unit range (199.2 + .10 = 1992 pounds).
NOTE

This sample problem is based on no wind

conditions; therefore, to obtain fuel con-

sumed for cruise, distance is divided by

unit range. When wind conditions exist,

TAS and ground speed must be deter-

mined by using the pilot’s navigation

computer. Determine the time for mis-

sion by dividing distance by ground

speed. Determine fuel required for cruise

by multiplying time by fuel consumption
in pounds per hour.

Total Fuel Used.

Fuel used for warmup - 46 pounds

and takeoff
Fuel used for climb 21 pounds
Fuel used for cruise . 1992 pounds
Total fuelused - = 2059 pounds...
Resefve 10% : - . 206 .'pounds' |
(2069 X 10%) o
Totalfuel 2265 pounds
NOTE .

Ten percent fuel reserve was used. for this
gsample problem: however, appropriate
fuel reserve as required by current opera-
ting instructions should be used,

A-16

Determining Payload.
From the mission gross weight, subtract the sum

of the operating weight and the fuel required.
20,750 - (12,768 + 2265) = 5717 pounds payload.

Determining Mission Gross Weight at Landing.
‘Gross weight for landing is the takeoff gross weight

minus fuel consumed (except reserve). 20,750 -
20569 = 18,691 pounds.

Power Required for Hover at Landing Gross
Weight.

Refer to figure A-10, Torque Required to Hover -

Zero Wind - Two Engines, and figure A-11, Head-

wind Influence on Torque Required to Hover.
Power required to hover at landing gross
weight is 72% Q.

Power Reserve for Landing.

Subtract power required from power avazllable
99 -87=12% Q.

Maximum Airspeed.
Refer to figure A-38, Maximum Airspeed Chart,

Maximum airspeed at 103% Nr for takeoff and
landing.

Maximum Airspeed.
Refer to figure A-38 Maximum Airspeed Chart.

Maximum airspeed at 103% Ny for takeoff is 123
KIAS and 138,5 KIAS for landing. .

Topping Limits.

Refer to figure A-39, ToppmgChath ) o




SAMPLE TOLD CARD.
DATA

FIELD ELEVATION
PRESSURE ALTITUDE

FREE AIR TEMPERATURE
WIND

DENSITY ALTITUDE
OPERATING WEIGHT
EXTRA CREW AND EQUIPMENT
FUEL

PAYLOAD

MISSION GROSS WEIGHT
POWER AVAILABLE
MAXIMUM GROSS WEIGHT
WHEEL HEIGHT FOR HOVER
POWER REQUIRED

POWER RESERVE
MAXIMUM AIRSPEED
TOPPING LIMITS

CRUISE INFORMATION:

PRESSURE ALTITUDE
TEMPERATURE
DENSITY ALTITUDE
TORQUE

FUEL CONSUMPTION
TAS

CAS

WIND

GROUND SPEED

-1

LANDING

2000
2000
24

10
3500
12,768

o

206
5717
18,691
99
19,800
30

87

12
138.5
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UNITS

FT
FT
oC
KT/DEG
FT
LB
LB
LB
LB
LB

% Q
LB -
FT

% Q
% Q
KT

% Ng
O°CTs

'FTl ,
o0
FT

LB/HR -
KT
KT

- KT/DEG
KT

A-17/(A18 blank)"



bmpnin‘ point Temperature °C

1%

Outside Air Tampasature °C

humidity is so that | can adjust the density altitude “fos
moisture?” While rummaging through an old H-34 manual

’

. Vpeuodl.n whld:}'mphn to op:rm Trymenmpduwhh:)
OAT of 30°C and »-dewpoint of 28°C. The chars indicates a
_relative humjdity qf about 88 percent. In ghis case you would

recently, [ found something called a psychrometric chart -

which seems to make that almost 1aqQ easy. A simplified
- psychrometric chart is shown in Fig 2. Note that if you go
in1o this chart with s dewpoint and an oulside air tempearature

and you'll have to depend on the wegther guesser {g provide

you with the dewpoint temperatura fof the ares and jime

’

";_ . 1! o ﬂpm

. need to adjust the density altitude (detmnmed from your

NATOPS coaversion chart) upward by 880 feet in order fo

7 - propetly compute ajreraft performance.
(OAT), you can read relative humidity directly. Where do you -
get these? The OAT is, of course, available in the goskpit, -

Are the effacys of bumidity negligible or hardly notlceable’
We've sean 3t least one case where the answer was certainly

"not Check it ous before you make your next lift in hot, humid
the mnmusc. it should be no swent/ ©

. pr_uh-_’sépumhn 1980
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Figure A-3. Maximum Power Available - 5-Minute Limit - One Engine

Change 1 A-21
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Figure A-4. Mitirars Power Available - 30-Minute Limit - One Engine
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Figure A-5, Maximum Continuous Power Available - One Engine
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Figure A-6. Indicated Torque vs Fuel Flow - One Engine
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CONDITIONS: : _
HOVER, ZERO AIRSPEED, | :
FOD SHIELD ON OR OFF N TORQUE REQUIRED TO HOVER
' TWO ENGINES

i ] MODEL: ~ ROTOR RPM ENGINE:
DATE: 15 APRIL 1971 : e CH/HH-3E 103 PERCENT T58-GE-5
DATA BASIS: FLIGHT TEST n

& I +Ill
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Figure A-10. Torgue Required to Hover - Zero Wind - Two Engines
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