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INTRODUCT ION
\

1
1

\ 1« PURPOSE

- A

x

The purpose for preparing this handbook series is fourfold: (a) to
validate YAH-64 performance data quickly, (b) to reduce the manpower
and time to prepare accurate flight profiles, (c¢) to standardize per-
formance data so that the analysi: community can benefit from a single
reference in conducting studies and (d) to provide a handbook that can
be used for training in the missior profile planning area., <2 _

2. BACKGROUND

The YAH-64 performance data contained in this Flight Profile Performance
Handbook (FPPH) series was originally acquired as a data base for the
Aircraft Mission Processing Simulation (AMPS) model. AMPS is a computer
program developad by the Aviation Systems Analysis Branch of the US Army
TRADOC Systeins Analysis Activity (TRASANA) to support Cost and Operational
Effectiveness Analyses (COEAs). AMPS generates detailed flight profiles
for a wide variety of helicopter missions. The data was provided TRASANA
by the Army Aviation Research and Development Command (AVRADCOM) and was
tne most accurate data available to AVRADCOM at the time of handbook
publication, In structuring the data base for AMPS it was noted that

the data, when properly organized, could provide a method of doing quick

and simple flight profile simulations. This volume presents the
YAH-64 data and explains how it can be used.

3. OBJECTIVES OF THE HANDBOOK

a. Data Validation. This volume of the handbook contains tables
with the precise performance data and format required to develop flight
profiles for computer simulations. Using the handbooks as a reference,
the individual project manager (PM) will be able to quickly validate or
update as required all associated data contained in the different tables.
If this procedure is followed by the various PMs, support of Helicopter
CCEAs and other analyses can be efficiently implemented.

b. Flight Profile Development. Much of the manpower and time spent
in preparing fiight profiles for Supporting aircraft COEAs is dedicated
to look-up, correlation and validation of performance data. Once the
procedure contained in this handbook is implemented, flight profiles can

be easily prepared. What normally took one man 4 to 5 days to prepare
can now be prepared in 3 to 4 hours.
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c. Standardization of Perfcrmance Data., Each of the PMs hes been
contactad by AVRAUCOM to validate the performance data contained in
each handbook in this series. 9nce each handbook is published, the
data contained will be kept current as of the publication date. Since
the requests for current information are constantly being f~.warded to
the PMs by analvsis groups, this hanibock can be a referense and assure
a commonality in studies within the community.

d. Training for Planning Missions and Flignt Profiles. For training
purpaoses each handbook can stand alone. It is only a matter of following
the example provided and applying the proper data to fit the flight
profile desired. Although the example shown is simplistic, the methodo-
logy may be expanded to apply to anvy flight profile no matter how complex.

4. OTHEK VOLUMES

This handbook is one of a series that covers the helicopters in the US
Army inventory. The complete set of handbooks and their subjects are:

Volume I - FPPH Description

Volume 1! UH-60A (BLACKHAWK)
Volume III - AH-1G (COBRA)
Volume IV - AH-!3 (COBRA)
Volume V - YAH-64 (Advanced Attack Helicopter [AAH])
Volume VI - OH-58C (KIOWA)
Volume VII - CH-47 (CHINOOK)
Volune vill - CH-5%4 (TARHE)
Volume IX - UH-1K (HUEY)
5. GENcRAL HANDBOOK DESCRIPTION

a. Performance Data. The data contained in these volumes is YAH-64

performance data compiled from the results of actual experiments. It is
not engineering data and is not intended to serve as a base for future
helicopter construction or acquisition. The more mature the helicopter
becomes, the less likely there will be a change in the basic performarce
data.
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b. Handbook Organization. This voiume is cne of a series of volumes
as identiTied Tn paragraph & above. Volume I is a description of the

methodology used to develop the tables for each of the other volumes.
This volume and all other volumes except Volume I provides a simplified
flight profile exampie in Chapter 2, Chapter 3 provides an explanation
of each of the five types of data tabies contained in the handbook.

The five types of tables deal with: (1) Basic Fuel Flow Data, (2) Delta
Fuel Flow for Drag Data, (3) Ground ldle Fuel Flow Data, (4) Gross Weight
Limits Data and, ?5) Velocity Limits Data. Chapter 4 contains the actual
tables to be used for developing flight profiles.
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CHAPTER 2
FLIGHT PROFILE EXAMPLE

1.  GENERAL

This chapter provides an example of how to develop a flight profile,
albeit simple, that can be extended to cover any number of stops, loads
and distances all depending on helicopter capability and fuel available.

2. DISCUSSION

a. The main question this example of a flight profile will answer
is, "Do [ have enough fuel to fly the proposed mission?"

b. Suppose a pilot is to fly a sirple support mission in an YAH-64
helicopter that calls for flying (as shown in illustration 2-1) from

point A (the air base), to point B (the holding area) to point C (the
combat area) and return to A.

5 3>

60 N.M, \c

I1lustration 2-1

c. The other info-rmation given is airspeed (AS) from A to B which
is to be 70 knots (kts), from B to C 40 kts, ana from C to A 60 kts.
The YAH-64 helicopter is to be flown at an ambient temperature of 15°C.
The leg from A to B wil? be fiown at 4,000 ft,* while legs B to C and
C to A will be at },000 ft. The ground elevations at A, B and C are
all 2,000 ft., The mission plan aiso shows 10 minutes idle at A before
takeoff, 15 minutes idle at B, 20 minutes Hover in Ground Effect (HIGE)
at C and 5 minutes idle on returning to A for shut-down. The YAH-64 will
take off with a gross weight (GW) of 17,500 1bs at A and continue to carry
this weight until leeving C to return to A, then the GW will be 16,000 1bs.

*A11 altitudes are in reference to sea level.
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d.

Tab.e 2~1 below.

The flight plan is prepared by drawing up a table similar to
By filiing in the blanks under fuel, it can be deter-

mined if the total is too large for the helicopter.

TABLE 2-1

Helicopter: YAH-64

Temperature: 15°C

LEG DISTANCE AS TIME GW ALT FUEL
N.M. KTS MIN HR . LBS FT LBS
Idle G A - - 10 i/ﬁ - 2000
A-8B 35 70 30 1/2 17,500 | 4000
Idle @B - - 15 1/4 - 2000
B-C 40 40 60 1 17,500 | 3000
HIGE @ C - - 20 1/3 17,500 | 2000
C-A 60 60 60 1 16,000 | 3000
Idle @ A - - 5 1/i2 - 2000
Total
e.

will all come from Table 2-2.
temperature of 15°C.,
the value of 474 1bs/hr is at

Consulti

Ist Idle @ A = 1/6 X 374
Idle @B = 1/4 X 474
2nd Idle @ A =

First fili in Idle @ A, Idle @ B, and 2nd Idle @ A since they

In each case the idle is at 2000 ft and a
ng the ground idle fuel shown in Table 2-2,
the intersection of 2000 ft and 15°C.

79 1bs

119 1bs

1/12 X 474 = 40 1bs
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ltotice the convarsion from minutes to hours., These values must be
used because fuel flow is in 1b</hr.

f. The fuel flow for leg A-B of the mission is calculated next.
This leg takes place at an altitude of 4,000 ft. and a temperature of
I5°C. Thus the recessary information is contained in Table 2-3.
tes AB as ot VU kts and 17,500 1bs. This is net one of the viiuct
given but oU xts is 815 Tu/hr and 80 kts is 781 1b/hr. Interpolation
gives the value of 798 lbjhr for a 70 kts airspeed. Since the lcg is
a half hour long:

leg A-B = 172 X 798 = 399 los

g. Leg B-C is calculated next. Since this takes place at a 3,000 ft.

altitude, it is necessary to interpolate between Table 2-3 (4,000 ft) and
Table 2-4 (2,000 ft). From Table 2-3 the value for 4,000 ft, 15°C, 40 kts
and 17,500 1bs is 906 1b/hr. From Table 2-4 the value for 2,000 ft, 15°C,
40 kts and 17,500 1bs is 911 1b/hr. Interpulation gives the value of

909 1b/hr for a 3,000 ft altitude. Si:ace the leg is one hour long:

Leg B-C = 1 X 909 = 909 1bs

h. HIGE at C is calculated next. Since this occurs at 2,000 ft
and 15°C the necessary value is found ir Table 2-4. At 17,500 1bs, HIGE
uses 1099 1b/hr of fuel. Since the hover is one-third of an hour long:

HIGE @ C = 1/3 X 1099 = 366 1bs

i, Leqg C-A is the last calculation. Since it takes place at a
3.000 ft altitude, it is once again necessary to interpolate between
values from Table 2-3 and Table 2-4. Table 2-3 gives a rate of 755
1b/hr for 4,000 ft, 15°C, 16,000 1bs and 60 kts. Table 2-4 gives a rate
of 769 1b/hr for 2,000 ft, 15°C, 16,000 1bs and 60 kts. By interpolation,
762 1b/hr is the value needed. Since the leg is one hour long:

Leg C-A =1 X 762 = 762 1bs

Jje The flight prsfile can be finished by filling in Table 2-1 as
shown in Tabie 2-5.

10
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TABLE 2-5
Helicopter: yaH-64
Temperature: 15°C

LEG DISTANCE AS TIME GW ALT FUEL

N.M. KTS MIN HR LBS FT LBS

Idle @ A - -~ 10 1/6 - 2000 79
-8 35 70| a0 | w2z |i7,500 ) 4000 | 399
Jdle @ B - - 15 174 - 2000 119
B - C 40 s0 | 6 | 1 17,500 3000 | 909
HIGE @ C - - | 20 V13 [1r.s00| 2000 | 366
C-A 60 60 60 ] 1 16,000 3000 762
Idie € A - - 5 {;;é - 2000 40
Total 2674

k. Although only three look-up tables were used for this example,
each type of table has several conditions that are changed so that a
wide band of performance parameters can be addressed. The discussion on
each of the five types of tables is contained in Chapter 3. A succinct
description of each of these five types of tables is:

(1) Basic Fuel Flow Data: Gives the rate the aircraft uses fuel
dependent on the given flight conditions.

(2) Delta Fuel Flow for Drag Data: Gives the additional rate of
fuel flow to be added to the basic rate for external drag.

(3) Ground Idle Fuel Flow Data: Gives the rete fuel is used when
the aircraft is on the ground with its engine running.

(4) Gross Weight Limits Data: A check on whether or not the aircraft
has enough 1ift to take off with a yiven weight.

(5) Velocity Limits Data gives the optimum (long range) speed and
maximum rates of speed.
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CHAPTER 3
PERFURMANCE DATA TABLE DESCRIPTIONS

1. GENERAL

This chapter describes each of the five basic type tables used for
developing flight profiles. The variables within each type of table are
described as well as how the specific data required can be extracted.

2. BASIC FUEL FLOW DATA

a. The basic rate of fuel flow* is determined by five variables:
(1) Type of aircraft

(2) Altitude (Air Pressure)**

(3) Temperature***

(4) Gross Weightx#**

(5) Flight Mode

b. In each table (see Table 3-1) within the basic type, the first
three variables are held constant for the whoie table, i.e., (a) Type of
Aircraft, (b) Altitude (Air Pressure) above sea level, and (c) Tempera-
ture. These variables are stated at the top of each table.

c. There are sever rows of fixed gross weights: 10,000 1bs to

19,000 1bs inclusive at 1,500 1b increments. The ten columns are fixed
flight modes.

(1) The first column is Hover In Ground Effect (HIGE). HIGE is

used for hovers at a height of 2 feet or less and a component of forward
flight 10 kts or less.

(2) The second column is Hover Out of Ground Effect (HOGE). This
is used for hovers at a height of more than 2 feet.

*The basic fuel flow data represente a clean drag configuration with
all doors closed, no winj stores, and no extermal sling loads.
#2411 aqltitudes or air pressures are feet above 8:a level.
4*4For szmplzcitJ, all temperaturea are ccngidered to be the average

temperature in whick the helicopter is operating (Degreee Centzgradé)
Ax44Total vehicle weight in pounds.

13
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53} The third column is Nep of the Earth (NOE). This is defined
as all flight for variable speeds from O to 40 kts and variable altitudes.

54) The remaining seven columns are for given airspeeds* (in kts) as
the flight mode.

d. There are 24 of these basic fuel flow charts. £ach chart is for
a different combination of Air Pressure (Al:itude) and temperature.

e. The Basic Fuel Flow Data is the main table used in simulating
a flight profile. For examgle, assume a pilot's flight path will require
30 minutes of flight at 80 kts airspeed, 4000 ft. altitude, 15°C and a
gross weight of 16,000 1bs in a YAH-64 helicopter. Using fable.B-l at
a gross we1?ht of 16,000 1bs and an airspeed of 80 kts, the helicopter

wi ; use 731 lbs/hr fuel, i.e., fer 30 minutes, 366 1bs of fuel will be
used.

f. The gross weights values selected provide the basic range of
load carrﬁing capability for the ten flight modes of the YAH-64 heli-
copter. Within the grasc weight band shown, linear interpolation** is
quite accurate for estimating the fuel flow rates.

g. For example, using Tabie 3-1, if the helicopter's gross weight
was 15,000 Tbs and if the flight mode was 60 kts, the fuel flow cannot
be found directly. But by interpolaling between 60 kts, 14,500 lbs -
702 1bs/hr and 16,000 1bs - 755 1bs/hr, the basic fuel flow rate for
15,000 1bs is 720 1bs/hr. In this example, if the helicopter flies in
this mode for 30 minutes, 36t lbs of fuel will be used.

h. As altitude and/or tenperature chan?es occur, different tables
are used to look up the aircraft's basic fuel flow rate for each leg of
the flight path. Care must be taken that the proper table is used.

i. Appendix A contains a set of functions that will give a good
approximation of the basic rate of fuel flow.

3. DELTA FUEL FLOW FOR DRAG DATA
a. The delta fuel flow for drag is also determined by five variables:
(1) Type of Aircraft
(2) Altitude (Air Pressure)
(3) Temperature

(4) Drag Surface (Equivalent Square Footage)
(5) Air Speed

*A11l references to airspeeds are to true airspeeds.
#2411 peferences to interpolation are linear interpclations. See FPPH,
Volume I, Chapter 3 for a discussion om the accuracy of interpolation.
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b. Like the basic fuel flow tables, there are 24 tables for delita
fuel flow for drag.

Cc. There are two fixed rows of equivalent square feet of drag:
5.0 equivalent sq ft and 10.0 equivalent sq ft.

d. The seven columns are for airspeeds in kts of: 40 kts, 60 kts,
80 kts, 100 kts, 120 kts, 140 kts, and 160 kts.

e. When an external load is placed on the helicopter, the amount of
fuel consumed per hour increases. The delta fuel flow for drag tables

indicate how much extra fuel consumption to add to the basic fuel flow
rate.

f. In the example given earlier, a 30 minute flight at 80 kts airspeed,
4000 ft altitude, 15°C and a gross weight of 16,000 1bs was used. Using
the basic fuel flow tables, the basic fuel flow rate was 731 1bs/hr.
Assuming for this new example that part of the load is external and
inducing a 5.0 equivalent sq ft external drag, the delta fuel flow for
drag (Table 3-2) shows 7 1bs/hr should be added to the basic fuel flow
rate. Thus the basic fuel flow rate becomes 731 + 7 or 738 1bs per
hour and for a half-hour flight, 369 1bs of fuel will be used instead of
the 366 1bs figured without an external load.

g. Appendix B contains a function that will give a good approximation
of the delta fuel flow for drar.

4. GROUND IDLE FUEL FLOW DATA

a. The ground idle fuei flow rate is determired by only three
variables:

(1) Type of Aircraft
(2) r'titide (Air Pressure)

‘37 Temperatire

b. There is only one ground idie fue' flow tabie (shown as Table 2-2).
The tabl: has four rows of temperatures: -25°C, -5°C, 15°C and 35°C,

and six columns of altitudes: Sea Level, 2000 ft, 4000 ft., 6000 ft.,
8000 ft., and 10000 ft.

c. The ground idie ruel flow table is used as discussed in the
example fiight orofile in Chapter 2 (Table 2-2). The YAH-64 helicopter
idling for 20 minutes at 2000 ft. altitude and 15°C, (across the row
lab2led 15°C and down the colunn labeled 2000) find the intersection at
474. Thus, the YAH-€4 uses 474 lbs/hr at these conditions and since it
is idling for 20 minutes or 1/3 of an hour, it will use 158 1bs of fuel.
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d. If the helicopter had only been 1000 ft. above sea level, the con~
suiption rate wouid be found by interpolating between the sea level rate
~ 510 1bs/bpr and the 200C ft, rate of 474 lbs/hr which would be 462
tes/hre In 1/3 of an hour 164 1bs cf fuel would be used.

e. Appendix C contains a function that will give a good apprrxima-
tion of the ground idle fuel fluw.

GRNSS WEIGHT LIMITS DATA

a. Gross weight limits tables are intended to show whether or not
the aircraft can safely take off for four sets of criteria. These
criteria are defined in the following paragraphs:

1Y Criteris #1 is based on the helicopter using 100% of Mairum
Mower for take off and having enough power to 1ift straight up end ebove
ground effect (See Figure 3-1). GOnce it is in hovering above ground
effect level the helicopter begins forward flight until it acquires
transitional 1ift and is able to climb at 450 ft/min (a desired standard
rate of climb) to the desired altitude. This criteria has some risk
since the pilot has no reserve power. It has less r~isk than Criteria #3

but more than Criteria #2 thus it is ccnsidered to be "Middle of the
Road" risk.

(2) Criteria #2 (Figure 3-1) is based on the helicopter usinyg 95%
of Maximum Power for take off and enough power to immediately begin to
climb at a rate of 450 ft/min. This is the least risky criteria since

the pilot has power in reserve and is still able to climb at a satisfactory
rate.

3} Criteria #3 (Figure 3-1) has the most risk. Using [ul% of Maximum
rower the helicopter will only hover in ground effect. Therefore, at
. altitude of 2 feet or less, the pilot must begin forward flight
.t gradually increase airspeed to acquire transitionai 1ift to climb.
‘*¢ reasons for its high risk are readily apparent. First, therc is no

;cwer in reserve. Second, the pilot must begin forward flight at a
very low altitude.

(4) Criteria #4. Structural Gross Weight Limits is the total upper
1imit of gross weight the helicopter can carry under any take off criteria.

b. Gross Weight Limits are deterniined by four variables:
(1) Type of Aircraft

(2) Criteria Chosen

(3) Altitude (Air Pressure)

(4) Temperature

18
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CRITERIA #1
(MIDDLE OF THE ROAD)

100% MAX PCWER, HOGE

: FLIGHT
TRANSITIONAL LIFT @%
\
g\-

HOGE

GROUND
NOTHING TO SPARE.

4
3

{
p:
&

IE.

3

)

i

CRITERIA #2
(LEAST RISKY)

95% OF RATED POWER. VERTICAL RATE OF CLIMB 450 FT/MIN, HOGE

S M i I R B e oL <

FLIGHT

>
S
S

_GROUND
POWER LEFT

fat- b A N TR YR TR IRy Ld

Rahat

CRITERIA #3
(MOST RISKY)

100% MAX POWER, HIGE

FLIG HT

TRANSITIONAL LIFT
W

HIGE

e _GROUND

NDTH ING TO SPARE.

" Figure 3-1
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c. Additionally, .riteria #1, #2, and #3 differ d to engine power
limits or transmission power imits of .:e aircraft, Thus there are six
tables:

(1) Criteria #1 (Cue to engine)
(2) Criteria #1 (Due to transmission)
(3) Criteria #2 (Due to engine)
(4) Criteria #2 (Due to transmission)
(5) Criteria #3 (Due to engine)
(6) Criteria #3 (Due to transmission)

G. The structural gross weight limit is a single value for each
helicopter and is only dependent on the type helicopter. The YAH-64
structural gross weight limit is given as 17,650 1bs and is listed at
the bottom of each table. As the name implies, it is simply not safe to

expect the YAH-64 structure to maneuver normally when the total weight
is larger than that value.

e. In simulating inflight profile, the gross weight limits tables
are used to check whether the aircraft is going to be too heavy to take
of f under the given conditions. As an example, assume an YAH-64 pilot
planned a mission that called for using take off criteria #1 and the
take off was to be at 6000 ft., 15°C, and a gross weight of 16,300.

Three checks would be required: First, does this gross weight exceed

the structural gross weight 1imit? Second, does it exceed Criteria #]
(due to transmission)? Third, does it exceed Criteria #1 (due to engine)?
In the example given, the answer to all three questions is "No", the

take off will not exceed aircraft limits. (Tables 3-3 and 3-4)

f. If the assigned gross weight had been 16,400 1bs, it would have
exceeded the vaiue given for 6,000 ft. and 15°C at Criteria #1 (Due
to engine). (Table 3-3) The mission could not be flown as planned.
The plan could he changed, for example to take off at 4000 ft. (which

might not be practical) or change to take off Criteria #3 (which is more
risky but has higher limits).

g. If the assigned gross weight had been 17,800 1bs., it would have
exceeded the structural limits. To perform the mission the only choice«
would be to Tighten the load or get another type helicopter.

h. Appendix D contains a set of functions that will give a good
approximation of the gro.s weight limits for takeoff.
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6. VELOCITY LIMITS DATA

a. There are various types of data given in these tables but like
the gross weight limits tables, they are primarily restraints on what
can be expected of a helicopter in planning a mission profile. Velocity
limits tables are influenced by five variables:

(1) Type of aircraft

(2) Air pressure (altitude)

(3) Temperature

(4) Gross weight

(5) Condition or limit

b. Items (1) through (4) are self-explanatory.
of infermation that can be iisted under (5):

(1) Long range
(2) Maximum continuous power

(3) Maximum power (due to engine limits)

(4) Transmission limits
(5) Vne(velocity never exceed)

¢. For each aircraft, there are 24 Velocity Limits Tables depending
on air pressure and temperature combination, Table 3-5 is an example of
the content of the Velocity Limits Table.

d. The two columns under Long Range (Table 3-5) jive the optimum
speed and fuel flow for each set of variables #1 through #4 above. Thus
the YAH-64 helicopter operating at 2000 ft., temperature 15°C, and
having a gross weight of 16,000 1bs will fly a longer distance if the

velocity is kept at 143 kts and will use 997 1bs/hr of fuel at that
velocity.

e. Maximum continuous power gives the fastest speed at which a
helicopter can fiy for long periods (30 minutes or more) and the associated
fuel flow rate. An example from Table 3-5 would be an YAH-64 helicopter

at 2000 ft. and 15°C weighing 16,000 1bs could fly 156 kts with a fue!l
usage of 1152 1bs/hr,

23
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f. Maximum power (engine and transmission limits) show the i aximum
speeds the aircraft can structurally attain f.r short periods of 'ine
ess than 30 minutes). Thus the YAH-€4 h~iicopter at 2000 ft and
5°C weighing 16,000 1bs has an engine that is ca?able of producing
enough power to %ly 168 kts but the transmission limits the aircraft to

166 kts. Between these two columns then, the flight cannot exceed 166
kts with a fuel flow rate of 1331 1bs/hr.

g. There is another limiting factor called Vp. (velocity vev -
exceed). This velocity limit is determined by helicopter structural

considerations. Vpe's for YAH-£4 have not yet been determined. When they
are, they will be included in later editions of this volume.

7. DETAILED FLIGHT PROFILE USING ALL PERFORMANCE DATA TABLES

The example of a Flight Profile in Chapter 2 was intentionally simplific:
to assure clarity. The description of the various tables in this hand-
book, however, indicates a more complex set of considerations are normally
encountered in developing the flight profile. With the description
provided in this chapter, additional information should be included ir

the flight plan beyond that shown in the example and a suggested format
is provided below in Table 3-6.

TABLE 3-6

Helicopter: ‘
Altitude:
Temperature:

&

LEG DISTANCE AS CHECK TIME | G (LBS) | DRAG
: VELOCITY
LIMIT

FUEL

= ST TS

Needed for ea:h take orr: .
Weight at take off:

Type of take off: Tt s
Check transmission limits: "&i
Check engine limits:

Check structural gross weight limit:
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CHAPTER 4
AAH (YAH-64) PERFORMANCE DATA TABLES ;
GENERAL A
Tne following tables are the major information presented in tnis hang. i
book. If the procedure for using them is understood, a flight profile
for the AAH (YAH-64) helicopter can be prepared in a matter o, a few ]
hours. The performance data contained have been reviewed for accit—acy o
, and are corrected to the best of our knowledge. The tables are organized "é
; in the following manner: : %
E Tables 4-1 to 4-24 Basic Fuel Flow Data %
Tables 4-25 to 4-48 Delta Fuel Fiow for Drag Data :
E Table 4-49 ! Ground Idle Fuel Flow Data %
, | Tables 4-50 to 4-85 | Gross Weisht Limits Data |
}. Tables 4-56 to 4-79 Velocity Limits Data :
i
e
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APPENDIX A
FUNCTIONS FOR CALCULATING BASIC FUEL FLOW
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R

There are four functions that can be used to calculate the basic fuel
flow for the YAH-#4 heiicopter. In order to use the functions the
following data is needed:

1. Flight Mode

2. Temperature

3. Pressure (altitude)

4. Gross weight

Which of the four functions will be used depends on the flight mode.
The first function is for HIGE (Hover In Ground Effect).

FF (HIGE) = f (TEMP, ALT, GW)
The second function is for HOGE (Hover Out of Ground Effect).
FF (HOGE) = f (TEMP, ALT, GW)
The third function is for NOE (Nap of the Earth).
FF (NOE) = f (TEMP, ALT, CW)
The fourth function is for Forward Flight.
FF (Forward Flight) = f (AS, TEMP, ALT, GW)
The equation for FF (HIGE) is:
ALT) + B (TEMP) + C (GH) + D (ALT)(TENP)

= A (
+ E (ALT) (GW) + F (TEMP) (GW)
+ G (ALT)(TEMP) (GW) + K

FF (HIGE)

Where ALT is the altitude, TEMP is the temperature and GW is the
gross weight and the constants have the following values:

A = -4.52915788 X 1072 E = 3.3351526 X 107°
B = 1.2890086 " F = -1.23381615 X 1077
C = 4.78281789 X 1072 G = 4.59120325 X 107°
D = -5.70888187 X 10 K = 2.21027534 X 107
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fhe equation for FF (HOGF) is exactly the same form as FF (HIGE).
A new set of values for the constants is used. These values are:

A= _5 66156958 X 16-2 E = 4.27112303 x 107¢
B = -4.32469729 X 107 F = 1.10334622 x 102
C = 5.50694503 X 1072 G = 17.54133408 X 10°8
D = -1.62422193 X 10°° K = 2.29973569 X 102

The equation for FF (NOE) is once again the same as FF (HIGE). The
new values for the constants are:

A = -5,02837365 X 1072 E = 3.44749702 X 1070
B = -5,13175853 X 107 F= 0.317a7027 % 10-°
C = 4.,08097133 X 1072 G = 2.16190963 X 10°°
D = -2.33548515 X 10 K = 3.32278954 X 10°
For the Forward Flight modes the form of the equation is:
FF = A(AS) + B(ASZ) + C(AS") + D(TEMP) + E(GW) + F(ALT) + G(ASS)(YEMP)
+ H(ASZ)(TEMP) + 1(AS)(TEMP) + J(AS ) (GH) + K(ASZ)(GH)
+ L(AS)(GH) + M(ASS)(ALT) + N(AS?)(ALT) + O(AS)(ALT) + P(TEMP)(GN)
+ Q(TEMP)(ALT) + R(GW)(ALT) + S(TEMP)(GW)(ALT) + T

Where AS is the air speed in kts and the values of the constants are:

r A = -1.64140005 X 10 K = -1.92257884 X 1072
l B = 2.32707351 X 107 L= 1.03616714 X 1073
i’ C = -8.84023364 % 107} M= 3.1330884) X 1078
] D = -5,40581283 X 10! N = -7.56954245 X 107°

E= 5.64757193 X 1073 0= 4.91480343 X 107%
4 F = -6.30781073 % 1072 P = 1.17895909 X 107
§ G = -2.56480074 X 107° Q = 5.03020265 X 107°
E H= 4.20826217 ¥ 10°% R = 3.21928789 x 1076
; I = -2.99940109 X 107% S = 2.573941 X 1077
§ J = 9.14512190 X 1078 T = 8.33048630 X 10°
E
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These functions allow anyone with a simple ralculator to figure
the fuel flow of the aircraft and Lypass both looking up the values
and interpolating for points in between the data points in the tables.

The above equations calculate the basic fuel flow for the YAH-64
helicopter with the following accuracies:

FF (HIGE) - 96.65%
FF (HOGE) - 97.42%
FF (NOE) - 97.14%
FF (Forward Flight ) - 92.57%

4 i i R =
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AFPENDIX B

FUNCTION FOR CALCULATING DELTA FUEL FLOW FOR DRAG

123




o DRRFT T TR

e T TR SRR

T R T T e

T TETRLR TS LW .

B i ot T I TV —

The function below will calculate the delta fuel flow for drag for
the YAH-64 helicopter. Recall from the discu.sicn in chapter three
that this value is added to the basiz fuel flow value whenever drag is
increasing the rate of fuel flow.~”

In order to use the function the following data is needed:

1. Air Speed (AS)

2, Equivalent Square Footage of Drag (SQ)

3. Temperature (TEMP) in degrees centigrade

4. Altitude (ALT) in feet above sea level
That 1is:

FF (Drag) = f(AS, SQ, TEMP, ALT)
The equation for FF (Drag) is:
FF (Drag) = A(AS) + B(AS?) + C(AS®) + D(TEMP) + E(SQ) + F(ALT)

+ GASS) (TEMP) + H(ASZ)(TEM) + 1(AS)(TEMP) + J(AS®)(5Q) + K(AS?)( .Q)

+ L(ASISQ) + M(AS3)(ALT) + N(ASZ)(ALT) + O(AS)(ALT) + P(TEMP)(SQ)

+ Q(TEMP)(ALT) + R(SQ)(ALT) + S(SQ)(ALT)(TEMP) + T

Where the constants have the following values:

= 2.98456727 X 1072 K = -1.99920862 X 107
B = -4.99894668 X 10”7 L = 1.48910522 X 107!
C= 7.0723803 X 10°° M = -1.98390332 X 107"
D= 6.74270667 X 107} N = 2.64920097 X 10~
E = -2.3219077 0 = -1.86108518 X 1072
F = 1.74824033 X 10°° p = -3.38239935 X 1072
6= -1.16197936 X 107 Q= 2.01575162 X 1077
W= 2.61500816 X 1074 R = -1.79812578 X 1072
1= -1.97713673 X 1072 S = 8.6047406 X 107/
J = 1.12929628 X 107° T = -8.39928055

*There 18 no delta fuel flow for drag for NIGE, HOGE or NOL flight.
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This equation calculates the delta fuel flow for dra? value with
an accuracy of 99.34%. It should be noted that in some instances the

computed value will be negative. If this occurs, zero () should be
used as the value for delta fuel flow.
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FUNCTION FOR CALCULATING GROUND IDLE FUEL FLOW
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The function below will calculate the ground jidle fuel flow rate for

the YAH-64 helicopter. In order to use the function the following data
1s needed:

1. Temperature (TEMP) in degrees centigrade.

2. Altitude (ALT) in feet above sea level.
That is:

FF (1dle) = f (TEMP, ALT)
The equation, for FF {Idle) is:

FF (Idle) = A(TEMP) + B(ALT) + C(TEMP)(ALT) + D(TEMPZ) + E(ALTZ) + F
Where the constants have the following values:

A= 8.¢3869027 X 107 D = _g.24998611 X 1074

B = -1.80299901 X 1072 E = 2.4999909 X 1077

C = -2.68571453 X 107° F = 4.96430187 X 10°

This e?uation calculates the ground idle fuel flow rate with an

accuracy of 99.98%.
f
|
|
|
I,
|
1‘
Y
A
x:
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APPENDIX D
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1 FUNCTIONS FOR CALCULATING Gt}ﬁ,’)ii\ WEIGHT LIMITS FOR TAKEOFF
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The functions given below will calculate the gross weight limits
for take off for the YAH-64 helicopter. Each of the fur.-tions is of
the same basic form with the values of the constants changing depending
on which take off criteria is being used. In all cases the Structural
Gross Weight Limit of the YAH-64 helicopter is 17,650 1bs.

ARl et b e Tt

In order to use the functions the following data is needed:

= = ehihen

1. Temperature (TEMP) in degrees centigrade

2. Altitude (ALT) in feet above sea level
That is:

G (Limit) = f (TEMP, ALT)

I e O P i

The basic equation for GW (Limit) is:

Gf (Limit) = A(TEMP) + B(ALT) + C(TEMP)(ALT) + D

For take off criteria #1 the equation must be used twice, once using
the engine limit constants and once using the transmission limit constants.
For take off criteria #1 the constants for engine limits are:

A= -6.67171421 X 10 C -3

.1.49692866 X 10

4

B = -6.46466747 X 107! D

2.07670376 X 10

: For take off criteria #1 the constants for transmission 1imits are:

A

-1.60576179 X 10 C = -8.59643027 X 10~

1

B = -2.08641062 X 10~ D= 1.91961926 X 10°

For take off criteria #2 two checks must also be made. The constants
for engine limits, take off criteria #2 are:

A= -6.13288145 X 10 C = 17.35542054 X 1073
; B = -5.94784282 X 107 D= 1.91206797 x 10°
; For take off criteria #2 the constants for transmission Vimits are:
| A= -1.38092849 X 10 C = -7.64643009 X 107°
: B = -1.78823207 X 107! D= 1. 66 X 10°

; 130
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Also for take off criteria #3 two checks must be made. The constants
for engine limits, take off criteria #3 are:

-7.53869057 X 10 C = 7.20821471 X 1073 :

1 A = |
{ B = -7.22173177 X 10" D= 2,31263032 ¥ 10° 3
4 :
g For tuke o1t Criteria #3 the constants for transmission Vimits are: ]
1 | A= -2.64504738 X 10 C = _3.46571842 ¥ 1074 ‘
- _ i
1 B = -3.20595697 X 107 D= 2.16187283 x 10° =
4 3
- This equation with the various sets of constants gives results that g
1 are 95.29% accurate or better. 3
:
i ! :
i

3

: i
!
.
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DRDAV-EQA (A)
SUBJECT: Short Description of YAH-64 AAH Pecformance Data Provided
to TRADOC Systems Analysis Activity (TRASANA)

MFR:
1. References:

a VAH-6 ‘viotems Specification, Rev a, 23 Nov 76.

b. Determination of the Effects of Rotor Blade Compressibility
on the Performance of the UH~1F; FTC-TR-65-17.

2. The performance data presented to TRANSANA is the result of combining
the helicopter power required, engine power available and engine fuel
flow characteristics. The YAH-64 power required was calculated for the
required altitude and temperature combinations from a non-dimensional
repregsentation of engine power required (coefficient of power) v.s.

gross weight (coefficient of thrust) and true airspeed (advance ratio).
The non-dimensional engine power required was extracted from reference

a. All performance in ground effect represents a 5 foot wheel height.

@ A temperature dependent correction, based on the method outlined in

E reference b, was made to the power required to account for compressibility
which could not be accounted for in the non-dimensional representation.

3. The T700-GE-700 engine power available (which was used in combination
with the power required to find helicopter take off and speed limits),
was calculated for the various altitude and temperature combination, by
the use of the T700-GE-~700 engine specification computer program.

4. The engine fuel flow at a particular altitude and temperature combina-
tion was derived from a representative referred fuel flow as a function

of referred engine power. The referred fuel flow curve was construated

by use of the T700-GE-700 engine specification computer program which
calculated fuel flows at various engine power levels and atmospheric
conditions. The fuel flows were then corrected to reflect 57 conservatism.
A referred parameter is one which is divided by temperature and pressure
ratios in order to represent all atmospheric conditions by one function. i

T T |

b

1 e

5. The never exceed speeds (V,e) have not been formally established for
{ the production YAH-64 and are, therefore, not presented at this time.

Eavrs J Ohdu;p

AMES A. O'MALLEY'
Aero Engr
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