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POLYTECHNIC INSTITUTE OF BROOKLYN

Department of Aerospace Engineering
and Applied Mechanics .

Course AE 331 - Propulsion

Professor Marian Visich, Jr,

Text: Hesse and Mumford: Jet Propulsion for Aerospace Applications,
Pitman Publishing Co, , New York, 1964,

References:

Corliss; Propulsion Systems for Space Flight, McGraw-Hill Book Co, ,
New York, 1960,

Stuhlinger: ‘Ion Propulsion for Space Flight, McGraw-Hill Book Co, ,
New York, 1964, g

Godsey and Ybung: Gas Turbines for Aircraft, McGraw-Hill, 19473,

Durham: Aircraft Jet Powerplants, Prentice Hall, 1951,

Kuchemann and Weber: Aerodynamics of Propulsion, McGraw-Hill, 1953,
| Shepard- Principles of Turbomachinery, MacMillan, 1956,

Zucrow, M, J,: Aircraft and Missile Propulsmn
Vol, I - Thermodynamics of Fluid Flow and Apphcatmn to
Propulsion Engines

Vol, II - The Gas Turbine Power Plant, the Turboprop,
Turbojet, Ramjet and Rocket Engines

John Wiley and Sons, Inc,, 1958,

Buzzard and Delauer: Nuclear Rocket Propulsion, McGraw-Hill, 1958,

Hill and Peterson: Mechanics and Thermodynamws of Propulsion,
Addison-Wesley Publishing Co., 1965.
Topics to be covered:

Airbreathing Engines

D e e g ]

1, Principles of Jet Propulsion and Engine Classification - Chapter 2,
2, Energy Transfer in Turbo-Machinery - Chapter 6,
3, Axial-Flow Compressors - Chapter 8,






11,

12,
13,
14,

Gas Turbines - Chapter 10,

Combustion, Combustion Chambers, Fuels and Controls - Chapter 4,
Section 1-2, Chapter 9,

Exhaust Nozzles - Chapter 4, Sections 3-8, Chapter 5, Sections 10-13, .
Inlets - Chapter 5, Sections 1-9,

Turbojet and Turbofan Engines - Chapter 11 ,

Thrust Augmentation of the Turbojet and Turbofan Engines - Chapter 12,
High Flight Mach Number Air-Breathing Engines - Chapter 14,

Nuclear Turbojet and Ramjet Engines - Chapter 16, Sections 1-8,

Rocket Propulsion Systems

v et e vt mbemrtatutn

Chemical Rocket Engines - Chapter 15,
Nuclear Rocket Propulsion - Chapter 16, Section 9

Electric Rocket Propulsion - Chapter 17,
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-a) Centrifugal- compressor aciva.nt_ages

.1.

L 4

2
3.
4,
5

“Good efficiencies over wide rotational speed range 3

High pressure rise per stage (6)

-

Simplicity of manufaciure and low cost

Jsow weight
.. Starting power requu ements are low.

~b) Centrifugal-compressor disadvantages

1,
2.

Large frontal area for given air flow
Two or more stages not pract1ca.1 because of losses in turns
between stages,

- -c) ~Axialeflow compressor advantages

1,

8y
3.
‘ 4

High peak efficiencies
Lowfrontal:area for given air: ﬂow

Straight-through flow allows hxgh ram efficiency

Increased pressure rise by mcreaamg number of stages with
neghglble losses, : ‘

. . d) Axial-flow compressor dxsadvantages

1, Good efficiencies over narrow rotatmndlospeed range
2. Difficulty of manufacture and high cost A

3. Relatively high weight '

4, High starting power requirements

5, Low pressure rise per stage, .

_ . Static -
Manufacturer Name ‘Pressure Ratio Frontal Area  Thrust:
16 stage axial flow compressors 4 “ L S
Allison JT1vAwl3 8:01:1 (lj¢) - 8.5 10,000

. Pratt-Whitney 375 2 (a0 10,1 16,000 -
* Westinghouse. 554~ WG~ 2 Cg g 61 6,500
- CE IP¢ ~&e 1t A 1350108 £6 18, 800

1 stage centrifugal cornpressors - (_i/-"szf;?é_; _ ' S

“DeHavilland Ghost 4,:x 15,2 . 5,300 -
DeHavilland Goblin C3.67:1 13,6 3,500

Rolls-Royce . Nine S 4,5:) 13,4 . 5,400
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a)

1. High pressure rise per state (6)
2. Good efficiencies over wi
3. Simplicity of manufacture and low cost
4. Low weight
5. Starting power requirements are low.
b) Centrifugal-compressor disadvantages
1. Large frontal area for given air flow
turns between stages.
c) Axial-flow compreésor advantages
1. High peak efficiencies
2. Low frontal area for gi
3.
40
with negligible losses.
d) Axial-flow compressor disadvahtages
1'
2. Difficulty of manufacture and high cost
3. Relatively high weight » '
4. High starting power requirements
5. Low pressure rise per stage.
Manufacturer -Name Pressure ratio

Centrifugal-compressor advantages

de rotational speed range

2. .Two or more stages not practical because of losses in

ven- air flow

Straight-through flow allows high ram efficiency
Increased pressure rise by‘increasing number of stages

Good efficiencies over narrow rotational-speed range

Curtiss Wright

J65-Ww-18

General Electric CJ 805-3B

o J79-G19
Pratt Whitney J75-P-19W
' - ' JT4A-9
De Havilland Ghost
Goblin
Rolls Royce Nine

at Max RPM

12.5 °
“13.5

12.0
12.0
47.1:1
3.67:1
4,5:1

Stages

13

17

17

15
15

1

1

‘Max.Envelope
Diametex (in.)

37.5

48.
39.1

43
43

© ~53
.50

~50

Thrust
10500

11650
17900

26500
16800

5300
3500

- 5400
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COMPARISON OF COMBUSTION CHAMBERS

. Counteér Flow Can Type

+ 1,
- 2o
- 3.
N
+ 5.

Straight Flow

High turbulence which is conductive to high combustion
efficiency.

High turbulence and long flow path have disadvantage of
large pressure losses.

Burner must completely surround the turbine tending to a
large overall engine diameter.

Losses assoclated with two 180° bends.

Is such that the turbine stator and rotor blades are
shielded from direct high temperature radiation of the
flame,

Can Type

4 1,
+ 2.
+ 3,
+ b,
+ . 5
- 6'

Annular
+ 1,
+ 2.
- 3.
- N,

Low friction losses,

Prorides oven distribution of air flow.

Relatively easy to manufacture.

Several of these burners are used on an engine so that
only a small fraction of the entire flow passes through
cach burner in comparison to the annular burner where
the entire flow passes through one burner. For this
reason, testing and development COotS of the combustion
chamber are much lass.,

Arrangment of these burners around the shaft of the
engine offers the possibility of small diameter engines.
Subjects turbine rotor blades to direct high temperature
radiation from the flame.

Offers low friction and high flow rates.

For a given overall diamcter the annular burner cffers
the greatest cross-sectional area normal to the flow
and should lead to the lowest flow velocity in the
combustion chamber,

Inaccessibility of the rotor shaft.

Disassenmbly and assembly difficultiss for service
replacement .
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May 1968

POLYTECHNIC INSTITUTE OF BROOKLYN
Department of Aerospace Engineering and Applied Mechanics
Course AE 361 - Propulsion

Prof, Marian Visich, Jr.
hol onn 24

TURBOJET COMPONENT MATCHING

Let us consider a turbojet engine where the conditions at various

stations in the engine are given by the following subscripts:

0 Free stream

1 Entrance to inlet

2 Entrance to compressor

3 Exit of compressor, entrance to combustion chamber
4 Exit of combustion chamber, entrance to turbine
5 Exit of turbine, entrance to exhaust nozzle

6 Exhaust nozzle minimum section

7 | Exhaust nozzle exit

Symbols

A Area, ft®

C Specific heat at constant pressure, £t? /sec® °R

P

g Acceleration of gravity, ft/sec”



AHC CP (T3 - Tg’ ),- change in stagnation enthalpy across compressor
AHT CP (T, =Tg), change in stagnation enthalpy across turbine
M Mach number
N Rotationé,l speed of turbine or compressor
N/«/—(_H\_ Corrected rotational speed of turbine or compressor
P Static pressure, lbs/ft” |
P Stagnation pressure, ‘lbs/fts
P, Reference pressure, lbs/ft”
R Gas constant, ft/°R
T Stagnation témperature, OR
T, Reference temperature, °R
W Weight flow, lbs/sec
W«[®_7—6‘ Corrected weight flow, lbs/sec
Y Ratio of speéific heats
® T/T,
P/Pr

Nad Adiabatic efficiency of compressor



Case 1 Given: Flight Mach number, Altitude, P, /P, A, and T,
Find: N, A, and 4, | |
1. For a given A, and As the Mach number at the exit of the turbine

can be obtained from equation 1 for sonic velocity at station 6

. (v /2(y - 1)
‘%— -IV_I‘.S[ V |(1+Y1 Msz)]y (1)

2. The corrected weight flow at stations 5, 6, and 7 are equal and given

by equation 2

w/a '
__0_5___ = A Pr Y g v+l | (v+1)/2(1-Y)
8 [, )

6, J_V R vz '

| | Ty (2)
3. Turbine data is usually given by a unique plot of AHT/Q; versus
W.W §, for all values of N/ @, with values of P, /P; specified on
the curve. This data can be transformed into a plot of W,\/@TE'/ 65 versus

W, /@ . since
e

4

r 4)_'
5 4 5 » (3)

4. Knowing WA/@5 / 65 from equation 2, W,/ CH54 764 can be determined

W/es  -WJe, P, J 1-@HZ/C T ®
5 T T

from the plot of W, 76 versus W,/§, / §,. For this value of W,/ /8,5

P_ A H
-P.._ and .._®__ can be obtained from the turblne data.

5. As a first approximation it may be assumed that Pa = P,‘ .



6. The equation for the corrected weight flow in front of the compressor

(statibn Z') is given by equation 4

_5_:.._ = W _5.45. gé..»{_'%__ = consta.nt_;e__ >(4)
4 2

4 2

W

In equation 4, T, /T, and W,/ g, / 6, are known, From step 5,

we note that P, /P, and P, /P, are equal. From the compressor map
the above equation must be satisfied for the condition that the work .
absorbed from the fluid by the turbine is equai to the work done on the
fluid by the compressor. The RPM which satisfies this condition is the
RPM at which the turbine-cémpressor unit will rotate.
7. The condition on the work is that & Hp = AH . From step 4, AH‘T/®4
is known and by specifying the value of T,, AH_ /m, is known from
equation 5,

AH, OHyp T, | - .

6, 8, T (5)

8. 'The basic compressor map consists of a piot of P, /P, versus N i‘éa
)

for constant values of N/,/ 0, and Naq® Trom this data it is possible

to also plot on this map curves of constant AH /@ , since

sH,  CT, [tB, /2, = DY ]

-] ’f'lad

(6)

9, The intersection of the étraight line represented by equation 4 and the
line AH, /®B‘= constant,corresponding to the turbine requirement,represents
the condition forbwhich the turbine and compressor are matched. The RPM

of the compressor-turbine unit is now determined.



5

10. Knowing the pressure recovery of the inlet P, /P, it is possible to

find the corrected weight flow based on the free stream conditions

F— = —— p— (7)

since TQ. = 'I‘O . -

' 11. The free stream tube area AO which the inlet must capture can be

obtained from equation 8

_ Yy + 1
WO g e P oLy -1 .8 200
0 R T, 2 (8)

12, The exhaust area at the exit of the nozzle can be obtained for the

condition Py = Py from equation 9

Y oy + 1y 2

y.V3 =«/ Y ( Y; ) (*1-377) - ('PT)
(9)

Case Il  Given: Flight Mach number, Altitude, W, PZ/PO’ and N

Find: T A6 and A

4’ 7

1. From the given data it is possible to calculate
w0 /6y, Ay W a, /s, andNAb

2, From the standard compressor map it is possible to obtain for these

conditions naq 2nd PS/PZ'

3. The work done by the compressor on the fluid, AHC/®Z’ can be obtained

from equation 6,



4. The temperature ratio across the compressor is obtained from equation 10,

[( B /B,) (v - 1)/Y _1]

LY M
Ta

(10)
Nad

5, The Mach number at the exit of the compressor can be calculated from

equation 8 where the subscripts O are replaced by subscripts 3, and the

corrected weight flow at station 3 is given by equatic;n 11,

EF w0, ,/Ts P,

et T—— - r——— S .
5, 1Ty Py - an

83
6. Knowing Ms and assuming a temperature ratio across the burner,
T, /Ty ,the Maceh number at the exit of the burner,and the pressure

ratio aeross the burner can be obtained as a first approximation

from equations 13 and 14

Ty oMy L.....__HVMG) (1+d5b M) (12)
Ta s (1+YME)5 (L+ Y'l 9)
4
S vel o YAY =1)
&EM) mﬂT’—U 2 M 13)
B, (1+vMi) 1+V‘ (

7. The eorrected weight flow in frent of the turbine can now be caleculated

WD -Vzg‘/;

8, The work absorbed by the turbine is (14)
AH AH T
= T g € m-..E_
9, B T4

9, From the turbine map of AHT /@4, versus W,/ n, / 6, and the value of
the corrected weight flow found in step 7 AHy /8, can be obtained



9. 1If this value of AHT/®4 is equal to the value given in step 7, the
turbine and compressor are matched. If they do not agree, steps

6 thru 9 are repeated for a new value of T, until they do agree.

10. For the final value of AHT /®4 obtained in step 9, one can find

P, /P, from the turbine map and Ty /T, from equation 15.

AHT
LT T (15)
T, CpT.§

11, w/ @5 /& can now be calculated and the minimum area of the nozzle,
5

A6 , and the Mach number at the exit of the turbine, M; can be obtained

from equations 2 and 1.

12, The exit area of the exhaust nozzle, A,, , can be obtained from equation

9.
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