
AD-A277 722

Aircraft High Bypass Fan
Engine Performance

S~DTIC

Robert Salmon LECTIE

SAED

March 1994 94-10051
DOT/FAA/CT-TN92/35 Ii tuBlii IIlfllill

Document is on file at the Technical Center Library,
Atlantic City International Airport, N.J. 08405

Ir4III~h~US Depculnm of Watrcisporkpwc

Technical C.n~
Athlntic City Internatonal Alrpor, N.J. 06406

S;s 4 1 126



NOTICE

This document is disseminated under the sponsorship
of the U.S. Department of Transportation in the interest
of information exchange. The United States Government
assumes no liability for the contents or use thereof.

The United States Government does not endorse products
or manufacturers. Trade or manufacturers' names appear
herein solely because they are considered essential to the
objective of this report.



1. I I. 2. rm-t Amon No. 3.N-'s. rcodesme.

4. Title end Subtitle 5. apWt Dom
March 1994

AIRCRAFT HIGH BYPASS FAN ENGINE PERFORMANCE
6. Peeanlmnv Orgenizaon Code

7. AUuVs) 8. paefonlmng OromwIaona Rapoet NO.
Robert F. Salmon DOT/FAA/CT-TN92/35

. Pukae gOrgnmm NPmWg d Adresm 10. Wk Ulm No. (TAS)

Federal Aviation Administration
Technical Center
Atlantic City International Airport, NJ 08405

11. colled•ra•a•G No.

1I. Upombet lgnw He~c ame and AdI&1 TyVe of Raport and Pitid Cowied

U.S. Department of Transportation Technical Note
Federal Aviation Administration
Technical Center
Atlantic City International Airport, NJ 08405

14. Spowfown Agenc Code

ACD-210
I&. Suppletmenbi le

16. Aibc

The purpose of this Technical Note is to discuss the performance characteristics of
high bypass fan engines. The performance of a CF6-6 type fan engine is compared to
two types of modified engines based on the CF6-6 type design. The fully modified
engine has an increased bypass ratio (5.8:1 to 9.0:1) and a variable fan pressure
ratio. At takeoff power the modified engine produces the rated takeoff thrust of the
standard CF6-6 engine with a 32 percent improvement in thrust specific fuel
consumption (TSFC) and a turbine inlet temperature 460 OF lower than the standard. At
maximum continuous cruise power at 35000 feet and Ma 0.8 the improvement in TSFC would
be 18.8 percent and the turbine inlet temperature would be 270 OF lower than the
standard CF6-6 engine. The advantage in performance obtained by the increased bypass
ratio and variable geometry fan more than offset the increase in the engine weight
that would result from these changes.

17. Key Wanis TIL. DGMbu~onStemn

Fan Engine Performance This document is on file at the
Variable Geometry Fans Technical Center Library, Atlantic City
High Bypass Engines International Airport, New Jersey 08405

is. seculeMssf. (eth Ispom 20. Scuty ChWN. (•fti pop) 2. NO. of Pages 2LP prt

Unclassified Unclassified 24

Form DOT F1700.7 (9-72) Reproduction of completed pge authzed



TABLE OF CONTENTS

EXECUTIVE SUMMARY v

INTRODUCTION I

DESCRIPTION OF PROCEDURE 2

RESULTS AND DISCUSSION 3

Altitude Performance 6
Economy 9
Comparison of Compressor Work For Standard and Modified Engines 10

SUMMARY OF RESULTS 13
CONCLUSION 14

Accesion For

REFERENCES NTIS CRA&i 15
DTIC TAB3APPENDIX A - ENGINE PROFILE U1 a B_
UllannouncedJustification

By
Dist, ibuion

Availability CodesDist Avail..nd/°o

-p il

iii°°



LIST OF ILLUSTRATIONS

Figure Page

I Takeoff Power Thrust Versus Turbine Inlet Temperature 4

2 Sea Level Static Takeoff Power Turbine Inlet Temperature Versus TSFC 5

3 Altitude Data, Net Thrust Versus T4  7

4 Altitude Data, TSFC Versus T4  8

LIST OF TABLES

Table Page

I Engine Data 2

2 Sea Level Static Data 3

3 Maximum Continuous Cruise Power At Altitude (35,000' and Mn 0.8) 6

4 Flight Profile Data 10

5 Abbreviated Results 13

iv



EXECUTIVE SUMMARY

The purpose of this Technical Note is to discuss the performance characteristics of high bypass
fan engines. The performance of a CF6-6 type fan engine is compared to two types of modified
engines based on the CF6-6 type design. The fully modified engine has an increased bypass ratio
(5.8:1 to 9.0: 1) and a variable fan pressure ratio. At takeoff power the modified engine produces
the rated takeoff thrust of the standard CF6-6 engine with a 32 percent improvement in thrust
specific fuel consumption (TSFC) and a turbine inlet temperature 460°F lower than the standard.
At maximum continuous cruise power at 35000 feet and Mn 0.8 the improvement in TSFC would
be 18.8 percent and the turbine inlet temperature would be 270°F lower than the standard CF6-6
engine. The advantage in performance obtained by the increased bypass ratio and variable
geometry fan more than offsets the increase in the engine weight that would result from these
changes.
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INTRODUCTION

Over the last 40 years the gas turbine engine for aircraft applications has experienced remarkable
advances. The earliest engines were heavy and inefficient. A typical aircraft engine thrust-to-
weight ratio was in the 0.8 to 0.9 range with a specific fuel consumption in the 1.2 to 1.3 (pounds
fuel per hour per pound of thrust) range. Today, with the high bypass fan engines, the thrust-to-
weight ratio is in the 5.5 to 7.0 range with specific fuel consumptions at sea level static (SLS)
takeoff power ranging from 0.32 to 0.45 pounds fuel per hour per pounds of thrust.

These advances can be credited to improvements in component efficiencies, combustor design,
development of high temperature alloys, and the development of the high bypass fan. The biggest
advance resulted from the incorporation of the high bypass fan in the engine cycle.

This technical note discusses the bypass fan engine cycle. The primary point of the discussion is
the investigation of the potential improvement in energy efficiency of an engine with a rematch of
the engine components. A rematch, in this instance, would imply varying the bypass ratio (BPR),
the fan pressure ratio (FPR), and the turbine inlet temperature.



DESCRIPTION OF PROCEDURE

The basic engine (called Standard) for the analysis was a CF6-6 type high bypass gas turbine. The
engines were assigned the specifications shown in table 1.

TABLE 1. ENGINE DATA

Engine Altitude Mach. Compressor Fan Pressure Bypass Core Air
Type No. Pressure Ratio (FPR) Ratio Flow

Ratio (CPR) (BPR) (lbs./sec.)
Standard Sea level 0 24.7 1.58:1 5.8:1 188.84

Partially
Modified Sea level 0 24.7 1.58:1 9.0:1 167.2
Engine

FuRly
Modified Sea level 0 24.7 1.32:1 9.0:1 188.84
Engine

Standard 35,000' 0.8 29.3 1.58:1 5.8:1 55.37

Partially
Modified 35,000' 0.8 29.3 1.58:1 9.0:1 49.02
Engine

Fuly
Modified 35,000' 0.8 29.3 1.58:1 9.0:1 55.37
Engine I I _

The assumed component efficiencies were 0.87 for compressors and fans, 0.9 for turbines, and
0.97 for nozzles. In calculating the thrust, the nozzles were always considered to be full
expansion types. In order to simpWl the cycle calculations, the value of the specific heat ratio (y)
was assumed to be 1.4 in all cases. This compromise does not have a major effect on the results
inasmuch as the 1.4 value is applicable to the fan calculations which comprise approximately 75
percent of the gross thrust produced by the engine and the impact of this compromise is felt
equally by the standard and the modified engines. All of the calculations are based on the values
tabulated in the Keenan & Kaye Gas Tables (reference 1).
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RESULTS AND DISCUSSION

A summary of the significant results obtained from the calculations are shown in tables 2 and 3,
and a more complete tabulation of the results is in the appendix. Comparing the TSFC values of
the standard and modified engines at the same level of thrust, i.e., run numbers 1, P/M3, and
F/M3, the TSFC improvements for P/M3 and F/M3 are 16 percent and 32 percent respectively.
The turbine inlet temperatures are 60*F and 460*F lower at the rated power conditions for the
partially modified and fully modified engines respectively at this condition.

TABLE 2. SEA LEVEL STATIC DATA

Run No. EnonType Comprmsor Fan Preaare Bypaaa Turbun Inlet Net Thrum Speific

Pressure Ratio Ratio Ratio Temp T4  Thrut Fuel Co.nmptmon

(CPR) (FR) (BPR) *) lbs.) ('SFC

1 Standard 24.7:1 1.58:1 5.8:1 2940 43303 0.399

2 Standard 24.7:1 1.58:1 5.8:1 2300 41610 0.366

3 Standard 24.7:1 1.58:1 5.3:1 2750 40328 0.361

4 Standard 24.7:1 1.58:1 5.3:1 2700 40126 0.351

P/MI Put Mod. E1ng 24.7:1 1.58:1 9.0:1 3100 50276 0.339

P/M2 Part. Mod. Eng. 24.7:1 1.58:1 9.0:1 2940 47224 0.3237

P/M3 Part Mod. E 24.7:1 1.53:1 9.0:1 2880 43302 0.335

F/MI Fully Mod. Eng. 24.7:1 1.32:1 9.0:1 2940 50433 0.342

F/M2 Fully Mod. Eng. 24.7:1 1.32:1 9.0:1 2300 45451 0.320

F/M3 Fully Mod E, 24.7:1 1.32:1 9.0:1 2500 43734 0.2705

The partially modified engine runs into a lower limit for the turbine inlet temperature (T4 ) at 2880
°R. This is because the high bypass ratio and the standard engine rated fan pressure ratio extracts
all the core engine pressure energy at that temperature. If the engine went to a lower T4 it could
not operate due to a negative core exhaust pressure. In order for the partially modified engine to
produce at the rated thrust of the standard engine (43303 pounds), the core airflow would have to
be reduced to 167.2 pounds per second, an 11.47 percent reduction. Figures 1 and 2 illustrate
this feature of the partially modified engine.
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ALTITUDE PERFORMANCE.

The comparative performance of the three types of engines at altitude are as shown in table 3.
The flight conditions are 35,000 feet, Mn 0.8, and maximum continuous cruise power.
Comparing the TSFC values of the standard and morlified engines at the same level of thrust, for
example, run numbers 101, P/M 105, and F/M 111, the TSFC improvements for P/M 105 and
F/M I I I are 13.4 percent and 18.8 percent respectively. The turbine inlet temperatures are 40°F
and 270*F lower at the rated power conditions for the partially modified and fully modified
engines respectively.

TABLE 3. MAXIMUM CONTINUOUS CRUISE POWER AT ALTITUDE (35,000' & Mn 0.8)
STANDARD RATED THRUST, 7388 POUNDS

Run Engine Type Coanvmor Fan Bypass Turbine Inlt Net livust Specific Fuel

Numbers Premure Ratio Preau• Ratio Temp. T4  Thrust Comsuimon

(CPR) Ratio R (BPR) (-R) Qb,.) (TSFc
101 standard 29.3:1 1.59:1 5.8:1 2940 7333 0.7392

102 Standard 29.3:1 1.58:1 5.3:1 2300 7011 0.7037

103 Standard 29.3:1 1.58:1 5.1:1 2700 6714 0.6768

P/M 104 Partially Modified 29.3:1 1.58:1 9.0:1 2940 7480 0.6463

P/M 105 Palially Modified 29.3:1 1.58:1 9.0:1 2900 7333 0.6400

P/M 106 Partially Modified 29.3:1 1.58:1 9.0:1 2900 7029 0.6213

P/M 107 Partially Modified 29.3:1 1.53:1 9.0:1 2700 6660 0.606

F/M 103 Fully Modified 29.3:1 1.53:1 9.0:1 2940 3450 0.6463

F/M 109 Fully Modified 29.3:1 1.58:1 9.0:1 2300 7940 0.6213

F/M 110 Fully Modified 29.3:1 1.53:1 9.0:1 2700 7524 0.6039

F/M I I I Fully Modified 29.3:1 1.58:1 9.0:1 2670 7383 0.6000

Figures 3 and 4 present the altitude performance of the three types of high bypass engines. The
partially modified engine, for example, 9.0:1 bypass ratio, reduced core airflow, and lower T4

develops the same thrust as the standard engine at the flight condition but at a TSFC of 0.64
versus 0.7392 for the standard engine. The lower core airflow is required in order to make a
direct comparison of the engines at both sea level static (SLS) and at the altitude flight condition.
The fully modified engine at altitude cruise has a 9.0:1 bypass ratio, 1.58:1 fan pressure ratio, and
55.37 pounds of air per second core airflow and yields a TSFC of 0.60 (run number F/M 111) at a
turbine inlet temperature of 26700R.

6



7 1 /7- 7 77 /1 R-,T- , -'7 w7,7--T

E nineyM

ec I
7T47

""arulirtuE Rated ÷ at ,.udEgna
Pm2 -y - -~

767

7ull M -N - I-ro

at00 Rae RaedTrut9 
trmad 

aft 
a

Ft Condtit CodhrstatFlgh

74 -

70 J



.74 -m m

Gj) - Stendmd Engine - flodo TSFC at ROWd

Tho at FROM eondbm

;.72 Fngin - --

.70 -y - -

a.7

.6 -- --

Modlied (Douwind) EnhWo

.62 TW -t -b mM J,-

at FWi Condklan for

AO ~ Filly Ielhh EngIn\-e ýf

I6 1 - 0 - -I I

23 24 25 n6 27 29 29 30 31

Turbin. Inket Tempedrete (T.) +100 - 0R

FIGURE 4. ALTITUDE DATA, TSFC VERSUS T4

8



The fully modified engine described in this report would moderately increase the aerodynamic
drag and moderately increase the engine weight but would more than compensate for this by
greatly improving specific fuel consumption and reducing the engine operating temperatures. One
of the major factors affecting engine life is the temperature level at which the engine operates. By
lowering this level in the fully modified engine, engine hot section life would be increased.

The greatest improvement in TSFC takes place at the zero velocity and low mach number range
because a large portion of the increase in gross thrust, resulting from a low fan pressure ratio and
a high bypass ratio, is dissipated by the large increase in ram drag at high mach numbers. This is
apparent when looking at run numbers 101 and F/M 111. Run number 101, a standard engine run
at 35,000 feet, Mn 0.8, produces 16476 pounds of gross thrust with a ram drag of 9088 pounds.
The net thrust is 7388 pounds with a TSFC of 0.7392. Run number F/M 11, a fully modified
engine with a high BPR and a fan pressure ratio of 1.58:1, produces 20806 pounds of gross
thrust, a ram drag of 13,418 pounds, a net thrust of 7388 pounds, and a TSFC of O.6eW-.

The improvements in overall engine efficiency obtained by rematching components and a variable
geometry fan indicates that a more comprehensive analysis of the potential improvements derived
from rematching is in order.

One aspect of the rematching, increasing the bypass ratio, would necessitate an increase in the fan
diameter and a reduction in fan revolutions per minute (rpm). An increase in the bypass ratio
would change total airflow at sea level static takeoff power for the fully modified engine from
1284 pounds per second to 1888 pounds per second. If the standard engine has an 8-feet-
diameter fan with a 1.5-feet-diameter bullet nose, the air entering the fan has a velocity of 0.33
Mn. Using this same mach number for the larger (1888 pounds per second) air flow, the fan
diameter would be 9.53 feet, assuming the same size bullet nose. The core components, for
example, the compressors, combustor, high and medium pressure turbines, and exhaust nozzle
would be approximately the same for the standard and the fully modified engine. The low
pressure turbine of the fully modified engine would require extra turbine stages to provide the
necessary power to the fan at the altitude maximum continuous cruise power condition.

ECONOMY.

The improved engine efficiency shown in tables 2 and 3 would have a major impact on an airline's
annual fuel bill. An example of the potential savings can be shown by comparing the standard and
the two types of modified engines' performance in a typical flight.

Assume a typical flight consists of 4 minutes at takeoff power and a 12-minute climb at 90 percent
takeoff power, 3 hours at maximum continuous cruise and 15 minutes at 40 percent takeoff
power for letdown and landing. If the partially modified engine and the fully modified engine
produce the same thrust as the standard engine at the aforementioned four conditions and both
modified engines have TSFC's for these conditions as shown in tables 2 and 3, the fuel consumed
during the flight would be as shown in table 4.
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TABLE 4. FLIGH4T PROFILE DATA

AIVhtn Eaapn Power So"a Tune@ T4 (-R) Net Th-at Fuel per Fuel Saved Galkmt

FRadtCond. (lba) Emiganper (lb.) Saved

Sea Level Static Stmanard Takeoff 4 mun 2940 43303 1152 - -

Sea Level Sumac Paumally Modified Takeoff 4 mns. 2810 43303 967 135 23845

Sea LeIvel SUMac Fully Modified Takeoff 4 muoss 2480 43303 711 371 571

Sea LavalClimb Standad Climnbat 90Percent 12mnm. - 38972 3110 - -

___________ _____________Takeoff'Power __________

Sea Le'vel Climnb PU.Jlmivodified Climb atO90 Paw 12mm. - 3897 2611 499 76.8

__________ _____________Takeoff Powti _____ ________

Sea Level Climb Fully Modified Climbat90 Pege 12 mm.. - 3897 2108 1002 154

____________ ~TakeoffPowur _____

3500ftMn 0.8 Standard Mmu~mmn Callunous 3 has. 2940 7388 16384 -

35000 ft Ln0. 8 PauialyModified MINUaIImnCoA~dSLIOUa 3 hz. 2900 7381 14135 2199 338.3

35000 fthbO0.3 Fully Modified Malunmum Conmmaow 3 lxis 2680 7388 13387 2997 46118

_ _ _ ~Crm~e_ _ _

Sea Level Sumadwd 40 Percent 15 mms. - 17321 1727 - -

LOW MI Takeoff Pow _____ ___

Sea Level Parimally Modified 40 Pac 15 flu - 17321 1451 276 42.5

LAW MnO TakeofflPower _____

Sea LevIel !Fully Modified 40OPercent Takeoff 15mos. - 17321 1171 556 85.5

LOW Mn PowerI

Partially Modified Total Fuel Reduction per F1* per Evgmn 31359 486

Emno_ _ _ _ _ _ _

Fully Modified FSWC Ie Total Fuel Reduction per Fl*& per EW-n 4926 758

The fully modified engine when operating at the levels described for this 3 1/2 hour flight would
consume 22 percent less fuel than the standard engine. The partially modified engine would
consume 16.5 percent less fuel during the flight.

COMPARISON OF CONVRESSOR WORK FOR STANDARD AND MODIFIED ENGINES.

in analyzing the cycle calculations the fact that the major driving force in improving engine
efficiency is derived from the low fan pressure ratio and the high bypass ratio at sea level takeoff

10
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power and the high bypass ratio alone at altitude. The reason for this improvement can be
explained by a=nalzn the mathematics of the thrust.

Full expansion jet thrust = W/g (Vj)
where: W = airflow; pounds per second

g = gravitational constant; 32.2 ft./sec2

= velocity of exhaust jet; feet per second

and Vj = 2gJ CP T[I- (Ps/Pt)']

where: J = 778 feet-pounds/BTU

Cp = Specific heat at constant pressure; BTU/lb -*F
Tt = Stagnation Temperature; OR

In simplified form when working through the Gas Tables (reference. 1)

Vj = V1f2 g
Where: Ah is the BTU drop of the air expanding through the exhaust nozzle: for example, from
Pt5 to P ambient for the core thrust and from Pt2 to P ambient for the fan thrust. The thrust,
therefore, is directly proportional to the mass of air while the velocity term, Vj, contributw to the
thrust by the 0.5 power of Ah. The impact of the higher bypass ratio can be seen in the following
example. Assume an engine with fan airflow of 60 pounds per second, and a 5.8:1 bypass ratio,
and a fan pressure ratio (FPR) of 1.58:1 at sea level static conditions. The Ah value resulting
from the expansion of the fan air through the nozzle would be 17.148 BTU's per pound of fan air.

The resultant fan thrust would be:

Fan Thrust = w/g ,/(Ah)2gJ = 60/ 32.2$(17.148)2(32.2)778

Fan Thrust = 1727 pounds

If the engine's fan air flow is increased by 55 percent to 93.1 pounds per second, corresponding to
a 9:1 bypass ratio, and the fan pressure ratio is reduced to 1.32: 1, the BTU's derived from the
expanding fan air through the nozzle would be 10.07 BTU's per pound of fan air. The resultant
fan thrust in this case would be:

Fan Thrust = 93.1/ 32.2/(10.07)2(32.2)778

Fan Thrust = 2052 pounds

The latter condition yields an 18.8 percent increase in fan thrust. The low pressure turbine work
required to power the fan for the two conditions would be 19.95 and 11.78 BTU's per pound of
total engine arflow for the "standard" and the modified engine respectively. In this example
therefore, the low BPR/high FPR turbine work required to power the fan section of the standard
engine would be:

11



Low pressure turbine work required = [core airflow + fan airflow] x (Ah) BTUIs per
pound airflow = [10.34 + 60.0] x 19.95 = 1396 BTU'S

The high BPR, low FPR turbine work required to power the fan section of the modified engine
would be:

Low pressure turbine work required = [core airflow + fan airflow] x BTU's per pound
airflow = [10.34 + 93.1] x 11.78 = 1219 BTUIs.

Thus, the low pressure turbine work to power the fan is 12.7 percent lower for the fully modified
engine at the sea level static takeoff power condition.

At the altitude test condition the turbine work required is proportional to the total engine mass
flows of the standard and modified engine, since the FPR for both engines is the same.

Standard Engine: 1070 BTU's

Fully Modified Engine: 1661 BTUIs

In summarizing the results of the cycle study reported herein it is apparent that improvements in
engine efficiency can be obtained with rearrangements and modifications of existing engine
components, for example, higher bypass ratios and the development of a variable FPR fan. The
analysis reported is not the optimum rematch but is intended to demonstrate the type of
improvement which could be developed. More detailed data on the various cycles analyzed in this
study are presented in tables I and 2 in the appendix.
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SUMMARY OF RESULTS

The results of the cycle calculations, which were undertaken to determine factors which would
improve overall engine efficiency, indicate that a rematching of components would improve the
efficiency. The standard engine was compared to two types of modified engines at two
conditions: (1) Sea level static takeoff power, and (2) 35,000 feet altitude, 0.8 Mn and maximum
continuous cruise power. The two types of modified engines are (1) a partially modified engine,
for example, an increased bypass ratio, a lower turbine inlet temperature, and an 11.5 percent
lower core air flow, and (2) a fMlly modified engine, for example, an increased bypass ratio, a
variable fan pressure ratio, and a lower turbine inlet temperature. The results indicate that
improvements in thrust specific fuel consumption (TSFC) for the fully modified and partially
modified engines at the sea level static and 35,000 feet, Mn 0.8 conditions, are as shown in
table 5.

TABLE 5. ABBREVIATED RESULTS

FLIGHT CONDITION ENGINE TSFC % CHANGE IN
TSFC

SLS Standard Engine 0.3988
SLS Partially Modified Engine 0.335 -16%
SLS Fully Modified Engine 0.2705 -32%

35K'& 0.8 Mn Standard Engine 0.7392
35K' & 0.8 Mn Partially Modified Engine 0.640 -12.6%
35K' & 0.8 Mn Fully Modified Engine 0.604 -18.3%

13



CONCLUSION

Based on the results of the analysis it would appear that the direction that future high bypass
engines should go for purposes of fuel efficiency, for example, thrust specific fuel consumption
(TSFC), is toward higher bypass ratios for all flight conditions and lower fan pressure ratios at sea
level takeoff power. At maximum continuous cruise power at altitude the fan pressure ratio
should be raised to the level that the standard engine would produce. To do this, a variable
geometry fan would be required. With these modifications the turbine inlet temperature of both
the fully modified and the partially modified engine would be lowered by as much as 60°F and
460 *F at the sea level takeoff power for the partially modified and the fully modified engines
respectively. The improvement in engine efficiency resulting from higher bypass ratios has been
recognized for many years but the advantages of a variable geometry fan has not been given much
consideration. This aspect of engine design might be worthy of more study. Using this approach,
an existing engine such as the one called "Standard" here (CF6-6 Type) could be modified to
perform at the efficiency levels described in this report.

14



REFERENCES

1. KemmA, Joseph and Kaye, Joseph, ThrmoQdynamiAc Pro.rtes of Air 1948.

2. Fuel-Air Ratio for Ideal Constant Pressure Combustion as Function of Initial Temperature
NACA Report 937 US Government Printing Office, 1949.

3. Equations. Tables and Charts for Compressible Flow; NACA Report 114 US Government
Printing 1949.

4. Tables of Thermal Properties of Gases, National Bureau of Standards Circular, 564, 1955.

15



APPENDIX A - ENGINE PROFILE

FIGURE A-i. STATION DIAGRAM

A-1



NN

= ~ ~ ~ ~ ~ ~ ~ ~ --5ro -o-.

%D- -, Ma

*a aý a* a a aa n
hhh~~~h U~~~E U - mN -l-.- . -

WN 'oN~ -n 4t NO r w ci

fn N - ~ 4 WN -e

4.4,

W%-4.,.ft

I, v m 0 m r. f

00~$:00

00 m en 00 m V% 0%

'A-2



A144 o

A CA mv n m 30 On CA tN

rr sov~ V% %i W

C C
U2I A- t22A D

O - oC 4~ w w

Rh
t.: VOO so

~.-C 44

A.A

ce. oA. % qi
d" w% ci-'

wm

ri2in

woJ.. IIIoCý4 e4 4 o0 wf,

w '.

AA-


