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CHAPTER 1

INTRODUCTION

1. PURPOSE

The purpose for preparing this handbook series is fourfold: (a) to
val idate CHINOOK performance data quickly, (b) to reduce the manpower
and time to prepare accurate flight profiles, (c) to standardize per- 4

formance data so that the analysis coimnunity can benefit from a single
reference in conducting studies and (d) to provide a handbook that can
be used for training in the mission profile planning area.

2. BACKGROUND

The CHINOOK performance data contained In this Flight Profile Performance
Handbook (FPPH) series was originally acqui red as a data base for the
Ai rcraft Mission Processing Simul ation (AMPS) model . AMPS is a computer

• program devel oped by the Av iation Systems Analysis Branch Of the US Army
TRADOC Systems 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 Devel opment Command (AVRADCOM) and was
the most accurate data available to AVRADCOM at the time of handbook
publ ication. In structuring the data base for AMPS it was noted that
the data, when properly organized, could provide a method of do i ng qu ick
and simpl e flight profile simul ations. This vol ume present s the
CHINOOK data and explains how It can be used.

3. OBJECTIVES OF THE HANDBOOK

a. Data Validation. This vol ume 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
COEAs and other analyses can be efficiently implemented.

b. Flight Profile Development. Much of the manpower and time spent
in preparing flight profiles for supporting aircraft COEAs is dedicated
to look-up, correl ation and validation 0f 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 hou

rs.1



c. Standardization of Performance Data. Each of the PMs has been
contacted Dy AVR~~~ I.$ to validate tne pertormance data contained In
each handbook In this series. Once each handbook is publ ished, the
data contained will be kept current as of the publication date. Since ‘.

the requests for current Information are constantly beIng forwa rded to
the PMs by analysis groups, th is  handbook can be a reference and assure
a commonality in studies within the communIty.

d. Trai ning for Planni ng Missions and Flight Profiles. For training
purposes each handbook can stand alone. It ‘Is only a matter of fol lowing
the example provided and applying the proper data to fit the fli ght
profile desired. Although the example shown Is simpl istic , the methodo-
l ogy may be expanded to apply to any flight profile no matter how complex.

4. OTHER 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:

Vol ume I - FPPH Descri ption

Vol ume II - UH-60A (BLACKHAWK)

Vol ume III - AH-lG (COBRA)

Vol ume IV - AH-1S (COBRA)

Vo lume V - YAH-64 (Advanced Attack Helicopter tAM])

Vol ume VI 
• 

- OH-58C (KIOWA)

Vol ume VII - CH-41 (CHINOOK)

Vol ume VIII - CH-54 (TARHE)

Vol ume IX - IJH-lH (HUEY)

5. GENERAL HANDBOOK DESCRIPTION

a. Performance Data. The data contained in these volumes is CHINOOK
perfonnance data comptied 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 performance
data.
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b. Handbook Organization. This volume i s one of a ser ies of vol umes
as identified in paragraph 4 above. Vol ume I is a description of the
methodol ogy used to develop the tables for each of the other vol umes.
This vol ume and all other vol umes except Vol ume I provides a simplified
flight profile exam ple In Chapter 2. Chapter 3 provides an explanation
of each of the five types of data tables contained in the handbook.
The five types of tables deal with: (1) Basic Fuel Flow Data, (2) Del ta
Fuel Fl ow for Drag Da ta , (3) Ground Idle Fuel Flow Data , (4) Gross Weight
Limits Data a!d , (5) Vel ocity Limits data. Chapter 4 conta ins the actual
tables to be useG for ~1eve1oping fl ight profiles.

c. Vol ume V II Organization. The US Army has four different
versions of the CH-47 CHINOOK. Due to the large amount of data for
these four versions and to allow for easier reference, there is
a separate section of Vol ume VII for each. Volume VI tA contains data
for the CH-47A. In the same manner, Vol ume VIIB contains CH-47B data,
Vol ume VIIC contains CH-47C data, and Vol ume VIID contains CH—47D data.

6. CH-47B OPERATION RATES

The CH-47B engine operates at two different rates which are dependent on
the aircraft’s gross weight. At gross weights of 37,000 lbs or less the
engi ne runs at 225 RPM , above 37,000 lbs the rate is 230 RPM. Consequently,
separate tables are provided in this vol ume for the di fferent RPMs. The
tables for 225 RPM are in Chapter 4 of this vol ume , while Chapter 5 contaIns
the tables for 230 RPM.

T
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CHAPTER 2

FLIGHT PROFILE EXAMPLE

5’ 1. GENERAL

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

2. DISCUSSION

a. The main question this exampl e of a flight profile will answer• is , “Do I have enough fuel to fly the proposed mission?”

b. Suppose a pilot is to fly a simpl e resupply mission in a CH—47B
CHINOOK hel icopter that calls for flying (as shown in illustration
2-1) from point A (the air base), to point B (the pick up area) to point
C (the drop off area) and return to A.

A

Ill ustration 2—1

c. The other information given is airspeed (AS) from A to B which
Is to be 70 knot s (kts) , from B to C 40 kts, and from C to A 70 kts.
The CHINOOK heli copter is to be fl own , at 4,000 ft for all legs at an
ambient temperature of 15°C, and an idle altitude for take off , pick-up
and drop off areas (ground level ) of 2000 ft*. The mission plan al so
shows 10 minutes Idle at A before take off, 20 mi nutes idle at B while
‘l oading , 20 minutes idle at C while unl oading and ‘10 minutes idle on
return to A before shut down. The CHINOOK will be fl own empty at a
gross weight (GW) of 20,000 lbs from A’to B and from C to A, while the
cargo from B to C will be 12,000 lbs.

‘All alti tudes are in refe rence to sea level.

_ _ _ _ _ _ _ _ _ _ _  
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d. The flight plan Is prepared by drawi ng up a table similar to
Tabl e 2-1 below. By filling in the blanks under fuel , It can be deter-
mined if the total is too large for the helicopter.

TABLE 2-1

• Helicopter: CHINOOK (CH-47B)

Altitude: 4000 ft flight/2000 ft idle

• Temperature: 15°C

LEG 
• 

DISTANCE AS TIlE GW (lbs) FUEL

Idle @A — — 10 mm —
A-B 70N.N. 

— 

70 kts 1 hr 20,000

Idle~~ B - — 2 0 m m  -
B-C 80 N.M. 40 kts 2 hr 32,000

Idl e 0 C - — 20 m m .  —

C-A 140 N.M. 70 kts 2 hr 20,000
I d l e @A  — — 10 mm —

e. Fi rst fill in Idle 0 A, Idle 0 B, Idle B C and 2nd Idle B A
since they will all come from Table 2-2. In each case the idle is at
2000 ft and a temperature of 15°C. Consulting the ground idle fuel
shown in Table 2-2, the val ue of 1124 lbs/hr is at the intersection of
2000 ft and 15°C.

1st Idle B A = 1/6 X 1124 = 187 lbs

Idle B B a 1/3 X 1124 a 375 lbs

Idle @ C 1/3 X 1124 a 315 lbs

2nd Idle B A 1/6 X 1124 187 lbs
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Notice the conversion from minutes to hours. These val ues must be
used because fuel flow Is in lbs/hr.

f. The fuel flow for the three legs of the mission are calculated
next. The heading on Table 2-1 shows a need for the Basic Fuel Flow
data chart for the CHINOOK helicopter flyi ng at 4000 ft and at 15°C
ambient temperature. Table 2-3 contains the necessary ‘Infonnatlon.

(1) Leg A-B Is at 70 kts and 20,000 lbs. This is not one of the
val ues given but 60 kts is 1332 lb/hr and 80 kts is 1336 lb/hr. Interpolation
gives the value of 1334 lb/hr for a 70 kts airspeed. Since the leg is

• one hour long:
Leg A-B a 1 X 1334 = 1334 lbs

(2~ Leg B-C is at 40 kts and 32,000 lbs. This value is in the
table; 2060 ‘lbs/hr. Since the leg is two hours l ong:

Leg B-C a 2 X 2060 = 4120 lbs

(3) Leg C-A is at 70 kts and 20,000 lbs. This fuel flow rate was
computed above to be 1334 lbs/hr. Since the leg is two hours long:

Leg C-A = 2 X 1334 = 2668 lbs.

g. The flight profile can be finIshed by filling in Table 2-1 as
shown in Table 2-4.

• TABLE 2-4
Helicopter: CHINOOK (CH—47B)
Altitude: 4000 ft flight/2000 ft Idle
Temperature: 15°C

• LEG DISTANCE AS 111€ 
• 

GW (lbs) FUEL

Idle B A - 10 mm — 187 lbS

A—B 70 N.M. 70 kts 1 hr 20,000 1334 lbs

Idle B B - - 20 mm - 375~lbs

B-C 80 N.M. 40 kts 2 hr 32,000 4l204’lbS

Idle @ C - - • 20 mm — 375’ lbs

C-A 140 N.M 7O kts 2 hr 20,000 2668 lbs

Idle B A — 

• - 10 mm — 187 lbs

Total 924& lbs 

— — •  ‘• - ~~~~ --•• —•_ _ _ _ _ _  • •• • - -~~~•~~~~~~~~~~~ 
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h. Although only two 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:

L (1) Basic Fuel Flow Data : Gives the rate the aircraft uses fuel
dependent on the given fl ight 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 rate fuel is used when
the ai rcraft Is on the ground with, Its eng i ne running.

(4) Gros s Weight Limits Data: A check on whether or not the aircraft
has enough lift to take off with a given weight.

(5) Velocity Limits Data: Gives the optimum (long range) speed and
maximum rates of speed.

I

S
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CHAPTER 3
PERFORMANCE DATA TABLE DESCRIPT I ONS

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 fl ow~ is determined by five vari ables:

(1) Type of aircraft

(2) Altitude (Air Pressure)**

(3) Tenperature***
(4) Gross WeIght~~**

(5) Flight Mode

b. In each table (see Table 3-1) within the basic type, the first
three variables are held constant for the whole table, i.e., (a) Type of
Ai rc raft, (b) Altitude (Ai r Pressure) above sea l evel , and Cc) Tempera-
ture. These vari ables are stated at the top of each table.

c. There are six rows of fixed gross weights for 225 RPM: 20,000
lbs , 24,000 lbs , 28,000 ibs, 32,000 lbs, 36,000 lbs, and 37,000 lbs.
(Table 3-1) There are four rows of fixed gross weights for 230 RPM:
37,000 lbs. 38,000 lbs . 39,000 lbs. and 40,000 lbs. (Table 3-2) 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 10 feet or less and a component of fo rwa rd
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 10 feet.

4The basic fu el fl ow da ta represents a clean drag config uration with
all doors closed, no wing stores, cv2d no externa l sUng load..

“All altitudes or air pr essures are fee t above sea level.
“4For sinrplicity, all twrç.ra ture. are ocn.i4.r.d to be the average

tm~ sratuz’w in which th. helicopter i. operating (Degree. ~~ntigrad.) .
4”4Tota l vehicle weight in po wvis.

~.1
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(3), The third column is Nap of the Earth (NOE). This is defined
as all fl ight for vari able speeds from 0 to 40 kts and vari able altitudes.

~4) The remaining seven columns are for given alrspeeds* ( in kts) as
the flight mode.

d. There are 24 of these basic fuel flow charts. Each chart Is for
• a di fferent combination of Air Pressure (Altitude) and temperature.

e. The Basic Fuel Flow Data is the main table used in simulating
a flight profile. For example, assume a pi lot’s flight path will require
30 minutes of flight at 80 kts airspeed, 4000 ft. altitude , 15°C and a
gross weight of 28000 lbs in a CH-47B helicopter. Using Table 3-1 at
a gross weight of 28000 lbs and an airspeed of 80 kts, the hel icopter
will use 1610 lbs/hr fuel , i.e., for 30 minutes , 805 lbs of fuel will be
used.

f. The gross weight val ues selected provide the basic range of
load carrying capability for the ten flight modes of the CHINOOK hel i-
copter. Within the gross weight band shown, l inear interpolation** is
quite accurate for estimating the fuel flow rates.

g. For exampl e using Table 3-1 , if the helicopter’s gross weight
was 30,000 lbs and 1’~ the flight mode was 60 kts , the fuel flow cannot
be found directly. But by interpolating between 60 kts 28,000 lbs -
1648 lbs/hr and 32,000 lbs - 1832 lbs/hr . the basic fue’ flow rate for30 000 lbs is 1740 l bs/hr. In this example if the helicopter flies in
thli mode for 30 mi nutes, 870 lbs of fuel w~l1 be used.

h. As altitude and/or temperature changes 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 al so determined by five vari ables:

(1) Type of Aircraft

(2) Al titude (A ir Pressure)

(3) Temperature

(4) Drag Surface (Equivalent Square Footage)

(5) Air Speed j
“All refe rences to airspeeds are to true airspeeds.

““Alt references to interpolati on are linear interpo lation.. See FP RY,
Vol&s~is I , cThapt.r S for a discussion on the accura cy of interp ola tion.

12
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b. Like the basic fuel flow tables, there are 24 tables for delta
fuel flow for drag. -

c. There are four fixed rows of equivalent square feet of drag:
50 equivalent sq ft thru 200 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 l oad 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, 
S

4000 ft altitude, 15°C and a gross weight of 28,000 lbs was used. Using
the basic fuel flow tables, the basic fuel flow rate was 1610 lbs/hr.
Assuming for thi s new example that part of the l oad is external and
i nducing a 100 equivalent sq ft external drag, the delta fuel flow for
drag (Table 3-3) shows 221 lbs/hr should be added to the basic fuel flow
rate. Thus the basic fuel fl ow rate becomes 1610 + 221 or 1831 lbs per
hour and for a half-hour fl ight, 916 lbs of fuel will be used instead of
the 805 lbs figured without an external load.

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

4. GROUND IDLE FUEL FLOW DATA

a. The ground idle fuel flow rate is determined by only three
vari ables:

(1) Type of Aircraft

(2) Altitude (Air Pressure)

(3) Temperature

b. There Is only one ground idle fuel fl ow table (shown as Table 2-2).
The table has four rows of temperatures: -25°C, -5°C, 15°C and 35°C,
and six col umns of al titudes : Sea Level , 2000 ft . 4000 ft., 6000 ft.,
8000 ft., and 10000 ft.

c. The ground idle fuel flow table is used as discussed in the
example flight profile in Chapter 2 (Table 2-2). The CH-47B helicopter
idl ing for 20 mi nutes at 2000 ft. altitude and 15°C , (acros s the row
labeled 15°C and down the column labeled 2000) find the intersection at
1124. Thus, the CH—47B uses 1124 lbs/hr at these conditions and since It
is idling for 20 minutes or 1/3 of an hour, it will use 375 lbs of fuel.
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d. If the helicopter had only been 1000 ft. above sea level , the con-
sumption rate woul d be found by interpolating between the sea level rate
of 1180 lbs/hr and the 2000 ft. rate of 1124 lbs/hr which would be 1152
l bs/hr. In 1/3 of an hour 384 lbs of fuel would be used.

e. Appendix C contains a function that wi ll give a good approxima-
tion of the ground idle fuel flow.

5. GROSS WEIGHT LIMITS DATA

a. Gross weight limits tables are intended to show whether or not
the a i rcraft can safely take off for four sets of cri teria. These
criteria are defi ned in the following paragraphs:

(1) Criteri a #1 is based on the helicopter using 100% of Maximum
Powe r for take off and having enough power to lift straight up and abov e
ground effect (See Figure 3-1). Once it is In hovering above ground
effect level the helicopter begins forwa rd flight until it acqu i res,
transitional lift and is able to climb at 450 ft/mm (a desired standard 5

rate of cl imb) to the desired altitude. This criteria has some risk
since the pi lot has no reserve power. It has less risk than Criteria #3
but more than Criteria #2 thus It is considered to be “Middle of the
Road” risk.

(2) CriterIa #2 (Figure 3-1) Is based on the hel icopter usIng 95%
of Maximum Power for take off and enough power to ininediately begin to
climb at a rate of 450 ft/mm . 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 100% of Maximum
Power the hel icopter will only hover in ground effect. Therefore, at
an al titude of 10 feet or less, the pilot must begin forward flight
and gradually increase airspeed to acquire transitional lift to climb.
The reasons for its high risk are readily apparent. First, there is no
power 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
l imit of gross weight the helicopter can carry under any take off criteria. ‘1

b. Gross Weight Limits are determined by four variables:

(1) Type of Al rc raft

(2) Criter ia Chosen
(3) Al tI tude (A ir Pressure)

5 (4) Temperature

17
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c. Additionally, Cri teri a #1 , #2 , and #3 differ due to engine power
limits or transmission power limits of the aircraft. Thus there are six
tables:

(1) Criteria #1 (Due to engine)

(2) Criteri a #1 (Due to transmission)

(3) Criteri a #2 (Due to engine)

(4) Criteri a #2 (Due to transmission)

(5) Criteri a #3 (Due to engine)

(6) Criteri a #3 (Due to transmission)

d. The structural gross weight limit is a single value for each
helicopter and is only dependent on the type helicopter. The CH-47B
structural gross weight limi t is given as 40,000 lbs and is listed at
the bottom of each table. As the name implies , it is simply not safe to
expect the CH-47B structure to maneuver normally when the totiVweight
is larger than that value.

e. In simul ating inflight prof i le , the gross weight limits tables
are used to check whether the aircraft is going to be too heavy to take
off under the given conditions. As an example, assume the pi lot of a
CH-47B planned a mission that cal led for using take off criteria # 1 and the
take off wes to be at 8000 ft., 15°C, and a gross weight of 31 ,200.
Three checks woul d be required: Fi rst , does this gross weight exceed
the structural gross weight limit? Second, does it exceed Criteri a #1
(due to transm ission)? Th i rd, does it exceed Criteria #1 (due to engine)?
In the exampl e given , the answer to all three questions is “No ” , the
take of f will not exceed aircraft limits. (Tables 3-4 and 3-5)

f. If the assigned gross weight had been 33,000 ibs , it would have
exceeded the value given for 8,000 ft. and 15°C at Criteri a #1 (Due
to engine). (Table 3—4) The mission coul d not be flown as planned.
The plan could be changed, for exampl e to take off at 6000 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 41,000 lbs. , it woul d have
exceeded the structural limits. To perform the mission the only choices
woul d be to lighten the l oad or get another type helicopter.

h. Appendix D contains a set of functions that will give a good
approximation of the gross weight l imits for takeoff.
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V

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. Vel ocity
limits tables are influenced by five variables:

(1) Type of aircraft _

(2-) Air pressure (altitude)

(3) Temperature

(4) Gross weight

(5) Condition or l imit

b. Items (1) through (4) are self-explanatory. There are five types
of information that can be listed under (5):

(1) Long range

(2) Maximimi continuous power
(3) Maximum power (due to engine limits)

(4) Transmission limits -

(5) Vne(velocity never exceed)

c. For each aircraft, there are 24 Velocity Limits Tables depending
on air pressure and temperature combination. Table 3—6 is an example of
the content of the Vel ocity Limits Table.

d. The two col umns under Long Range (Table 3-6) give the optimum
speed and fuel flow for each set of variables #1 through #4 above. Thus
the C)47~ operating at 2000 ft., temperature 15°C, and having a gross
weight of 28,000 lbs will fly a l onger distance if the vel ocity is
kept at 125 kts and will use 2114 lbs/hr of fuel at that velocity.

e. Maximum continuous power gives the fastest speed at which a
helicopter can fly for l ong periods (30 mInutes or more) and the associated
fuel flow rate. An example from Table 3-6 would be a CH-47B at 2000
ft. and 15° weighing 28,000 lbs could fly 154 kts with a fuel usage
of 2945 lbs/hr.
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f. Maximum power (engine and transmission limits ) show the maximum
speeds the aircraft can structurally attain for short periods of time
(less than 30 minutes). Thus the CH-47B helicopter at 2000 ft and
15°C weighIng 28,000 lbs has an engine that Is capable of producing
enough power to fly 165 kts but the transmission limits the aircraft to
158 kts. Between these two columns then, the flight cannot exceed 158
kts with a fuel flow rate of 3111 lbs/hr.

g. There is another limiting factor called V (velocity never
exceed). This vel ocity limit is determined by hel~~opter structural
considerations. V ‘s are used In the same manner as maximum poweribuits described in~~aragraph f above. Since a value of 151 kts Is
l isted for 2,000 ft., 15°C, and 28,000 ibs, this implies that
the value In f. cannot be reached.

1. DETAILED FLIGHT PROFILE USING ALL PERFORMANCE DATA TABLES

The example Of a Flight Profile in Chapter 2 was i ntentional ly simpl ified
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 in
the flight plan beyond that shown in the example and a suggested format
is provided bel ow in Table 3-7.

TABLE 3-7

Hel icopter:
Alt itude:
Temperature:

LEG DISTAHCE 
— 

AS 
- 

CHECK TIME CU (Las) DRAG FUEL
VELOCITY
LIMIT

Needed for each take of f:
Weight at take of f :
Type of take off:
Check transmission l imits:
Check engine limits:
Check structural gross weight limit:
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- CHAPTER 4

CHINOOK (CH-47B) PERFORMANCE DATA TABLES (225 RPM)

- 

. GENERAL

The following tables are the major i nformation presented in this hand-
book. If the procedure for using them is understood-, a flight profile
for the CHINOOK (CH-47B) helicopter can be prepared in a matter of a few hours.
The performance data contained have been reviewed for accuracy and are
corrected to the best of our knowledge. The tables are organized In
the fol lowing manner:

Tables 4-1 to 4-24 Basic Fuel Flow Data

Tables 4-25 to 4-48 Delta Fuel Flow for Drag Data

Table 4-49 Ground Idle Fuel Flow Data

Tables 4-50 to 4-55 Gross Weight Limits Data

Tables 4-56 to 4—79 Vel ocity Limits Data

I : -
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CHAPTER 5

CHINOOK (CH—478) PERFORMANCE DATA TABLES (230 RPM)

GENERAL

These tabl es are the additional ones needed when the CH-47B is operated
at a gross weight in excess of 37 ,000 lbs. These are for 230 RPM engine
usage and are supplemental to the tables In Chapter 4. The tables are
organized In the followi ng ma nner:

Tables 5—1 to 5—24 Basic Fuel Fl ow Data

Tables 5-25 to 5-48 Delta Fuel fl ow for Drag Data

Tabl e 5-49 Ground Idle Fuel Fl ow Data

Tabl e 5-50 to 5-55 Gross Weight Limits Data

Tables 5-56 to 5-79 Vel oci ty Limits  Data
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BASIC FUEL FLOW DATA

TABLES
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FUNCTIONS FOR CALCULATING BASIC FUEL FLOW
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1. CH—47B Operating at 225 RPM

There are four functions that can be used to cal cul ate the basic fuel
flow for the CH-47B helicopter operating at 225 RPM. In order to use
the functions the fol lowing 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, GW)

The fourth function is for Forward Fl ight.

FF (Forward Fl ight) = f (AS, TEMP, ALT, GW)

The equation for FF (HIGE ) is:

FF (HIGE ) = A (ALT) + B (TEMP) + C (GW) + D (ALT)(TEMP)
+ E (ALT) (GW) + F (TEMP) (GW)
+ G (ALT) (TEMP) (GW) 4 K

W~~re ALT is the altitude , TEMP is the temperature and GW is thegross weight and the constants have the followi ng val ues:

A — -4.61702715 X io
.2 

E — 1.37115987 X i0 6

B a 6.40335783 X io 1 F = 5.94156736 X 1O~

C 5.56014264 X 10 .2 
G = 1.59960301 X IO~~~ 

- j
U - -3.81002334 K • 4.72597931 X io2
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The equation for FF (HOGE ) is exactly the same form as FF (HIGE).
A new set of val ues for the constants is used. These val ues are:

A = -5.87926949 X io .2 E = 2.05332455 X io.6

.

B = -7 93196566 X 10 F — 1.26924446 X 1O~

C = 6.58447044 X io 2 G - 1.66085032 X l0 8

o = -3.59832127 X 1O4 K 3.73129303 X 102

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

A = -5.48598277 X io 2 E = 1.79103192 X 10 6

B = 1.96384 981 X l0 1 F 8.06580138 X 10~~

C = 5.71278753 X io 2 G = 2.00339594 X i0 8

o = -4.65883044 X IO~ K = 4.45467682 X io2

For the Forward Flight modes the form of the equation is:

FF = A(AS) + B(AS2) + C(AS3) + D(TEMP) + E(GW) + F(ALT) + G(AS3)(TEMP)

+ H(AS 2) (TEMP) + I(AS)(TEMP) + J(AS3)(GW) + K(AS2)(GW)

+ L(AS)(GW) + M(AS3)(ALT) + N(AS 2)(ALT) + 0(AS)(ALT) + P(TEMP) (GW)

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

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

A = -8.80385256 K = —6.21839206 X 1O~
B — 9.87290759 X l0 2 L • -4.27730381 X lO~

C = 1.8343702 X 1O~ M = -4.22321436 X lO 8 a

0 = 3.3153846 N = 6.71878615 X lO
_6

E - 6.58309292 X io~
2 0 = -5.24116447 X 10~

• F • -2.83557344 x io~ P 2.1382421 X 1O~

G - -6.67641933 X io 6 Q 2.55803116 X l0~~
H — 1 .12381099 X 1 0~ R - 1 .10589838 X 1

I • -8.5652709 X 10 2 S • 2.45258373 X

j  • 1.31523453 X 10 8 I — 6.95736298 X 102
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These functions allow anyone with a simpl e calculator to figure
the fuel flow of the aircraft and bypass both l ooki ng up the val ues
and i nterpolating for points in between the data points in the tables.

The above equations cal cul ate the basic fuel flow for the CH-47B
helicopter operating at 225 RPM with the followi ng accuracies:

FF (HIGE) - 99.64%

FF (HOGE ) - 99.54% 
-

FF (NOE) - 99.47%

FF (Forward Flight) - 99.44%

• —

I
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2. CH-47B Operating at 230 RPM

There are four functions that can be used to cal cul ate the basic fuel
flow for the CH-47B helicopter operating at 230 RPM. In order to use
the functions the following data Is needed:

1. Fl ight 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 (TEM P, ALT, 6W)

The second function is for HUGE (Hover Ou,. of Ground Effect).

FF (HUGE) = f (TEMP , ALT, GW)

The third function is for NOE (Nap of the Earth).

FF (NOE) = f (TEMP. ALT, GW)

The fourth function is for Forward Fl ight.

FF (Forward Fl ight) = f (AS, TEMP, ALT, GW)

The equation for FF (HIGE) is:

FF (HIGE) = A (ALT) + B (TEMP) + C (GW) + U (ALT)(TEMP)
+ E (ALT) (6W) + F (TEMP) (6W)
+ G (ALT) (TEMP) (6W) + K

Where ALT is the altitude , TEMP Is the temperature and 6W is the
gross weight and the constants have the followi ng val ues:

A = -9.25630601 X iO 2 E — 2.61715525 X io 6

B • -6.68697202 F • 2.54929997 X

C — 6.22293353 X 10-2 G • -2.35182049 X 10~
D - 3.16956106 X 1 0~ K • 2.55646027 X 1 o2

213 

___



V
The equation for FF (HUGE) is exactly the same form as FF (HIGE).

new set of val ues for the constant s is used. These val ues are:

A - -1.06445056 X iO~l E - 3.33738353 X

B — -6.5242281 F • 2.81714834 X l0~~
C — 7.75390863 X 10-2 6 — -2.35957049 X i0~~°

O • 2.65679631 X 1O4 K - -3.05105286 X 10 •

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

A = -1.15865572 X lO~ E — 3.43923034 X

B = -4 .67301321 F = 2.12110579 X iO 4

C 6.62516356 X io 2 6 • 2.09664508 X io
_8

O = -5.05613658 X lO~ K = 1 .40741119 X io2

For the Forward Flight modes the form of the equation is:

FF = A(AS) + B(AS2 ) + C(AS3) + D(TEMP) + E(GW) + F (ALT) + G(AS3)(TE MP )

+ H(AS2) (TEMP) + I(AS)(T EMP) + J(AS3) (GW) + K(AS2) (GW )

+ L(AS)(GW) + M(AS3 )(ALT) + N( AS2)(ALT) + 0(AS)(ALT) + P(T EM P)(GW )

+ Q (TEMP)(A LT) + R(GW)(ALT) + S(TEMP ) (GW) (ALT) + I

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

A = 2.48220417 K • 3.43891804 X 10 6

B a 1.66443847 x 1o 2 
L -8.007586 x 1O~

C = 5.2223634 X io~ M — -8.30491462 X io 8

O = 5.27718383 N = 1.91262891 X

E = 8.66340864 X 10-2 0 a -1.64952299 X

F = 4.93448263 X io~ p = 4.44708858 X

G - -1.07220363 X ~~~ Q - 5.94951031 X ~~~

H — 1.80055597 X 10~ R • 1 .08313091 x - •

I — -1 .40366418 X 10
_i 

S —-1.57275322 X io 8 -~

J — —6.73745504 X 10~~ I = 1.78298035 X 10
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I

These functions allow anyone with a simple calcul ator to figure
the fuel fl ow of the aircraft and bypass both looking up the val ues
and interpolating for points in between the data points in the tables.

The above equations calculate the basic fuel flow for the CH-47B
hel icopter operating at 230 RPM with the following accuracies: 

• 

-

- FF (HIGE) — 97.81%

FF (1-lOGE) - 98.33%

FF (NOE) - 97.26%

I~F (Forward Flight) - 99.33%

( 

.
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APPENDIX B

FUNCTIONS FOR CALCULATING DELTA FUEL FLOW FOR DRAG
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1. CH-47B Operating at 225 RPM

The function below will calcul ate the delta fuel flow for drag for• the CH— 47B helicopter operating at 225 RPM. Recal l fron the discussion
in chapter three that thi s val ue is added to the basic fuel fl ow val ue

• whenever drag Is increasing the rate of fuel flow.*
L

In order to use the function the followi ng data is needed:

1. Air Speed (AS)

2. Equ~va1ent Square Footage of Drag (SQ)

3. Temperature (TEMP) in degrees centigrade

4. Altitude , (ALT) In feet above sea level

That is:

FF (Drag) - f(AS , SQ. TEM P. ALT)

The equation for FF (Drag) is:

FF (Drag) - A(AS) + B(AS2) + C(AS3) + D(TEMP) + E(S Q) + F(ALT)

+ G(A53) (TEMP ) + H(AS2)(TEMP) + I (AS)(TE MP) + J(AS3) (SQ) + K(AS2)(SQ)

+ L(AS)(SQ) + M(AS3)(ALT) + N(A 52) (ALT) + O(AS)( AL T ) + P(TE MP)(S Q)

+ Q(TEMP)(A LT) + R(S Q ) (ALT) + S(SQ)(ALT)(T EM P) + I

Where the constant s have the followi ng values:

A — -1.25196528 K = -3.05088247 x io~
B ~ 1.40879075 X 10-2 L - 3.28588486 X 1O~
C - 6.59073385 X lO~~ N - —1 .57229121 x io 8

O - 3.22824508 N • -1.4745705 X 10-6

E - 1.26174283 0 - 1.32419169 X 1O~~
F - 2.72059236 X io 2 p • -2.80175551 X

6 - -2.37200825 X io 6 
Q • -1.32025707 X

H — 1.19079516 X 1O~~ R • -2.47727552 X io~~
I — -1.09635592 X io 2 S — 8.9789021 X 10~
• 4.49367928 x io 6 I - -1.3597625 X i02

~‘Th.r. ii no d4tCZ J~.i flow for drag for HrGE, HOGS or ROE fLight .
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This equation cal culates the delta fuel flow for drag val ue with
an accuracy of 99.67%. It should be noted that In some Instances the
computed value wi l l  be negative. If this occurs, zero (9) should be
used as the value for delta fuel flow.

.
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2. CH-47B Operating at 230 RPM

The function below will calculate the delta fuel flow for drag for
the CH— 47B helicopter operating at 230 RPM. Recal l from the discussion
in chapter three that thi s val ue is added to the basic fuel flow val ue
whenever drag is increasing the rate of fuel flow.*

In order to use the function the followi ng 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 is:

FF (Drag) a f(AS, SQ, TEMP , ALT)

The equation for FF (Drag) is:

FF (Drag) = A(AS) + B(AS2) + C(AS3) + D(TEMP) + E(S Q ) + F(ALT)

+ G(AS 3)(TEMP ) + H(AS 2) ( TEMP) + I(AS ) (TEMP) + 13(AS 3) (SQ) + K(A S2)(SQ)

+ L(AS)( SQ ) + M(AS3)( AL T) + N(AS 2)( AL T) + O(AS) (ALT) + P(TE MP)(SQ)

+ Q(TENP) (ALT) + R(SQ)(ALT) + S(SQ ) (ALT)(TEMP) + I

Where the constant s have the fol lowi ng val ues :

A = 9.51979216 X lO~~ K — -3.14629142 X

B - 5.16340137 X lO~ L - 2.88915634 X lO~

C - 1.09157067 X N - -2.13324689 X io 8

O - 2.91942126 N - 3.15199411 X 10~

E — 1 .28689334 0 — —3.66419554 X l0~~
F — 3.15235285 X 10-2 p • —2.7944278 X io_2

6 - -2.01532308 X l0 6 q - -3.42952262 X lO~
H • 1.95831512 X io.6 

R • -2.48567256 X

I • 4.53233719 X 1O~ s — 8.77988086 X 10~
j  • 4.51088698 X io 6 • -1.67979713 x io2

4 Thr ~ i. no delta f t~.Z f low for dr~zg for RIGS, HOGS or 1105 fLight .
220 
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This equation cal culates the delta fuel fl ow for drag value wi th
an accuracy of 99.68%. It should be noted that in some Instances the
computed value will be negative. If this occurs, zero (9) should be
used as the val ue for delta fuel flow.

I

I

I. 
—
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APPENDIX C

FUNCTIONS FOR CALCULATING GROUND IDLE FUEL FLOW
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The function below will calcul ate the ground idle fuel flow rate for
the CH-47B helicopter. In order to use the function the fol lowing data
is needed :

1. Temperature (TEMP) in degrees centigrade.

2. Altitude (ALT) in feet above sea level .

That is:

FF ( Id le) = -F (TEMP. ALT)

The equation, for FF (Idle) is:

FF (Idle) = A(TEMP) + B(A LT) + C(TEMP)(AL T) + D( TEI4P2) + E(ALT2) + F

Where the constants have the fol lowi ng val ues:

A — -9.99999985 X lO~ U a 1.60979201 X 10~~
B -3.73999695 X io 2 E • 7.14257675 x io 8

C • —1.07357 118 X 10 11 F • 1.20071422 X 1O~
This equation cal culates the ground idle fue l flow rate with an

accuracy of 99.75%~
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APPENDIX D

FUNCTIONS FOR CALCULATING GROSS WEIGHT LIMITS FOR TAKEOFF
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1. CH-47B Operat ing at 225 RPM

The functions given below will calcul ate the gross weight limits
for take of-F for the CH-47B helicopter operating at 225 RPM. Each of
the functions is of the same basic form with the values of the constant s
changing depending on which take off criteri a is being used. In all
cases the Structural Gross Weight Limit of the CI-l-47B helicopter is
40,000 lbs.

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

1. Temperature (TEMP) In degrees centigrade

2. Alt itude (ALT) in feet above sea level

That is:

GW (Limit) = f (TEMP ALT)

The basic equation for 6W (Limit) is:

GW (L imit ) - A(TEMP) + B(AL T) + C(TEMP)(ALT) + D

For take off cri terIa #1 the equation must be used twice , once usi ng
the engine limit constants and once usi ng the transmission limit constants.
For take off criteri a # 1 the constant s for engine limits are:

A • -2.17938816 X io2 C — 3.97893076 X 1O~
B = -1 .41074102 U = 4.65866338 X lO~
For take of-F criteri a #1 the constant s for transmission limits are :

A = -4.50966721 X 10 C • -3.53499094 X

B = -4.87621792 X ia
_ 1 

U - 4.07345547 X lO~
For take of f cri teri a #2 two checks must al so be made. The constants

-For engine limits, take of-F criteri a #2 are:

A • -2.05524782 X 102 C • 3.59228952 X 1O~
B • -1.30679001 U - 4.32852666 X 1O~
For take off criteri a #2 the constant s for transmission limits are:

A - -3.94242868 X 10 C • -5.09142679 X

B • —4.3486141 X 10~ D • 3.89957397 X ~~
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Also for take off cri teri a #3 two checks must be made. The constants
for engine limits , take off criteri a #3 are :

A = -2.44355938 X i02 C 4.44135594 X l0~~
B = -1.58051027 U a 5.22083384 X lO

For take off criteria #3 the constants for transmission limits are:

A = -5.11538081 X 10 C --2.98571696 X lO~~
B = -5.47035679 X 10_i 

4.56617446 X iO~
This equation with the vari ous sets of constants gives results that

are 99.73% accurate or better.

a

I;
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2. 0-1-478 Operating at 230 RPM

The functions given bel ow will calculate the gross weight limits
for take off -For the CH-47B helicopter operat ing at 230 RPM. Each of
the functions is of the same basic form with the value s of the constants
changing depending on which take off criteria is being used. In all
cases the Structural Gross Weight Limit of the CH-47B helicopter is
40,000 lbs.

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

1. Temperature (TEMP) in degrees centigrade

2. Al titude (ALT) in feet above sea level

That is:

GW (Limit) = f (TEMP , ALT)

The basic equation for GW (Limit) is:

6W (Limit) = A(TEMP) + B(At.T) + C(TEMP) (ALT) + 0

For take off criteria #1 the equation must be used twice , once us i ng
the engine limit constants and once using the transmission limit constants.
For take off cri teri a #1 the constant s for engine limits are :

A = -2.17639074 X 102 C = 3.70614778 X 10~
B = -1.39994501 D = 4.66277666 X itt

For take off criteri a #1 the constant s for transmission liir~ts are :

A -4 .27742863 X 10 C = -4.861427 44 X lO~
B = -4.68419265 x lo~ 0 = 4.06342041 X

For take off criteri a #2 two checks must al so be made. The constants
for engine limits, take off cri teri a #2 are :

A - -2.03827135 X 102 C - 3.297928~S X i0~
B a -1.2926003 0 • 4.320173 X

For take off criteri a #2 the constant s for transmission limits are :

A = -3.67504745 X 10 C • -6.67071632 X l0~
B — -4.13932476 X 10_i D • 3.88251328 X IO~
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Al so for take of f criteri a #3 two checks must be made. The constants
for engine limits, take off criteri a #3 are:

L A • -2.4368 X io2 C - 4.13300109 X iO~ 
• 

-

B = -1.56838638 U • 5.22495898 X 10

For take off criteri a #3 the constants for transmission limits are:

A = -4.86859508 X 10 C = -4.32143082 X 1

B = -5.27189255 X 10_i 
U = 4.55598457 X

This equation with the vari ous sets of constant s gives results that
are 99.71% accurate or better.
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APPENDIX E

SHORT DESCRIPTION OF CHINOOK (CH-47B) DATA SOURCE
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DRDAV-EQA(A)
SUBJECT: Short Description of CR—47B Performance Data Provided to TR.ADOC

Sys tome Analysis Activity (TR ASANA )

MFR:

1. References:

a. United Kingdom CH—47C , Rover-out-of Ground Effect (ROGE) , Power
Required (Boeing Vertol 1CM 8—7442—1—439).

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

c. Airworthiness and Qualif ication Test (Phase D), CR—47B Helicopter ,
USAASTA Project No. 66—23.

d. Operator ’s Manual , Army Model CR—47B and CE—47C Helicopters, TM55—
1520—227—10.

2. The performance data presented to TRASANA is the result of cmab1~ning
the helicopter power required , engine power available and engine fuel flow
characteristics. The CH—471 power required was calculated from a non—dimen-
sional representation of engine power required (coef f icient of power) v.s.
gross weight (coefficient of thrust) and true airspeed (advance ratio) .
The non—dimensional power required was obtained from reference la and ic.
All performance in ground effect represents a 10 foot skid height. A tomperature
dependent correction, based on the method outlined in reference ib, was
made to the power required to account for compressibility which could not
be accounted for in the non—dia nsional representation.

3. The T55—L—7C engine power available to the CH—47B (which was used in
combination with the power required to find helicopter take—off and
speed limits) was used as a funct ion of altitude and t peraturs, f rom
ref erence ic.

4. The engine fuel flow at a particular altitude and tomperat ure
combination was derived from a representative referred fuel flow as a
function of referred engine power , The ref .rred fuel flow curve for the
T55—L-7C engine was taken from ref erence Ic. Tb. calculated fusi flows
reflec t 5% conserv atism . A referred paraaster is one which is divided
by t peratur . and pressure ratios in order to represent all atmospheric
condit ions by one function,

5 • The never exceed speeds (Vn, e.) were calculated from those shown
graphically in referenc e 14.

6. The Struc tural Gross Weight limit of the CH—471 is 40000 lbs,

/jaiiu A. O’MALLIT tU
Utrec A Uromach Br
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