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Aircraft Propulsion (2nd Edition)

Chapter 4, Problem 12P Bookmark Show all steps:

Step-by-step solution

Step 1 of 20

(a)
Apply the equation for the velocity, V.
Iil o ""frl ;”RTU

Substitute 0.8 for M

0’

V, = 0.8\/1 4 (28? JkgK )(—l5° C)
=257.58 m/s

14 for y, —25°C for T

0’

Comments (2)

Step 2 of 20

Apply the equation for Ram Drag, 3.15.
D _ =mV,

Substitute 257 58 m/s for J, and 100 kg/s for #a,, .
D,, =257.58 m/s(100 kg/s)

Fum

=25.758 kN

Therefore, the Ram Drag is [25.758 kN|-

Comment

Step 3 of 20

(b)

I
Fo

Reference the Isentropic Table, for A, = (.8. Find and approximate
Po

Po _ 524
Po
Substitute 10 kPa for p, .
})ri]

10 kPa
P, =15.24 kPa

=1.524

Since, p,, = p,,.then p, =15.24 kPa K.

Comment

Step 4 of 20

Apply the equation for the pressure ratio in the compressor.

pr.‘

Substitute 20 for z_and 15.24 kPa for p,, .
Py

15.24 kPa

P,, =304.9 kPa

20=

Comment

Step 5 of 20

Apply the equation for the temperature ratio in the compressor.
|

T
Substitute 20 for ., 1for e ,and1.4for y.

1.4-1

_— 20' 4(1)
=2.354
Comment

Step 6 of 20

th

Reference the Isentropic Table, for A/, = (0.8. Find and approximate ——.

0

T,
—£2=1.128
T,

0

Substitute —15° ¢ for T,

0"

L=I.l2{'§
=157 C
T,,=291.17K
Since, T,, =T,,,then 7,,=291.17 K K.

Comments (2)

Step 7 of 20

Apply the equation for the temperature ratio in the compressor.

T

s

r, =L

T,
Substitute 2.354 for r_and 291.17 Kfor 7,,.

>

T
> i 13
s 291.17 K

T,=68541K

Comment

Step 8 of 20

Apply the equation for shaft power.
2. = ""n(T:t - ?:2‘ )

Substitute 100 kg/s for 1, ,291.17 Kfor 7 ,.and 685.41 Kfor 7, ,.

@_ =100 kg/s(685.41 K~-291.17 K)
=39.57 MW

Therefore, the shaft poweris |39 57 MWl-

Comments (2)

Step 9 of 20

(c)
Apply the equation for the fuel to ratio.

m,

n,

Substitute 100 kg/s for m,, and 2 kg/s for .
f= 2 kg/s

© 100 kg/s

=02

Therefore, the fuel to air ratio is 0.02].

Comments (1)

Step 10 of 20

(d)
Apply the equation for fuel to air ratio to find 7, .
_ ?;4 - ?;_l
quh = T

4
P

Substitute 0.02 for 7, 42800 kJ/kg for ¢/, 685.41 Kfor
1, since it is ideal.

13’

T,-68541K
0.02 = —24
(42800 ki/kg )
1.004 kikgk
’02( (42800 ki/kg))
1.004 kJ/kgK

" 1.02
=1507.7K

+685.41 K

Comment

Step 11 of 20

and 287 J/kgK for R .

1.004 kJ/kgK for ¢
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Therefore, the enthalpy parameter is )

Comments (1)

Step 12 of 20

(e)

Apply the equation for the turbine expansion parameter.

r.(r.~1)
' n,(+ f)z,

Substitute 0.02 for f, 5.84 for 7,,2.354 for r_,and 1 for p_, since itis ideal components.

r=1- r,(2.354-1)
! 1(1+0.02)5.84
=(0.7437

Therefore, the equation for the turbine expansion parameteris |[().74371.

Comments (2)

Step 13 of 20

(f)
Apply the equation for the turbine shaft power.
,= .9,
Substitute 39.57 MW for @, and 1 for z,_, since it is ideal components.

©,=39.57 MW (1)

Therefore, the turbine shaft poweris |39 57 MW |-

Comment
Step 14 of 20
(9
Apply the definition of the afterburner limit enthalpy parameter.
_I
Toan = _T_

Therefore the afterburner limit enthalpy parameter is .

Comment

Step 15 of 20

(h)

Apply the equation to the afterburner fuel to air ratio.

_ (1 +f)(r)...m -7,7,)

QR..!R’}JB —r

" A.AB
¢ pTE'l

S AB

Substitute 8.522 for r, .., 0.7437 for r,,-15Cfor 7,,0.02for f,5.84for r,, 42800 kJ/kg

for O, 1.004 kJ/kgK for c, and 1 for 5, since it is ideal.

~(140.02)(8.522-(5.84 )0.7437)
T (42800 kikg )l
(1.004 kJ/kgK )-15; C)
=0.0272
Therefore, the fuel to air ratio is M

-8.522

Comment

Step 16 of 20

(i)
Apply the equation for nozzle gross thrust.

FR =m,V, +(p., - p“)fl,

Substitute the continuity equation for A,

F;' = d’vVu +(py— ﬁ’u)&

PoVs
Substitute 102 kg/s for 1, , 15 kPa for p,, 10 kPa for p,,
F, =(102 kg/s)V, +(15 kPa—10 kPa)(mz—kg/S)
’ psVs

. P
Substitute T for p, and Mq\/‘y,qn for v,.

9

F, =(102 kg/s)M, /¥ RT, +(15 kPa - 10 kPa) (102 kg/s)
P
rT, MoN7RT,

9

Substitute 1.4 for y, 1251 Kfor 7, from 7,,=T7,,,

(102 kg/s )M, |/(1.4)287 J/kgK (1251 K)
(102 kg/s)
M, \J(1.4)287 JkgK (1251 K)

F.=| 415 kPa-10 kPa)

10 kPa
287 JkgK (1251 K)

108.18 kPa

Substitute 1.95 for M, from
I5 kPa

7.22, referencing the isentropic Table.

(102 kg/s)1.95,/(1.4)287 J/kgK (1251 K)
(102 kg/s)
1.95,/(1.4)287 JkgK (1251 K)

F.=| +(15 kPa—10 kPa)

10 kPa
287 J/kgK (1251 K)
=153.64 kN

Therefore the nozzle gross thrustis |153.64 kN |

Comments (3)

Step 17 of 20

@)
Apply the equation for the thrust specific fuel consumption.

m
TSFC =—-
F

n

Substitute 153.64 kN for r, and 2 kg/s for .

2 kg/s
153.64 kN
mg/s

TSFC =

=36.92

Therefore the thrust specific fuel consumption is [36.92 %’E .
N \

Comments (3)

Step 18 of 20

(k)
Apply the equation for the un-installed thrust,
=F -D

2 ram

net gun—bntalled

Substitute 153.64 kN for #, and ¥ s, =100 kg/s(257.58 m/s) for o .
F., =153.64 kN -100 kg/s(257.58 m/s )
=127.9 kN

Therefore, the net (un-installed) thrust is |1 27.9 kN|-

Comment

Step 19 of 20

V)
Apply the equation for the thermal efficiency.

Va:

V‘;’ 0
(e fefa) =

SOty + [ 4 'QR‘.m’).m
=0.47731
Therefore, the thermal efficiency is 147.7%)| -

My

Comment

Step 20 of 20

Chegqg Study TEXTBOOK SOLUTIONS ~ EXPERT Q&A Q O
I, = f
Substitute 1507.7 K for 7,, and-15 Cfor 7.
1507.7 K
T, =
-15°C
=5.84
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2V,

. p ]
—mV ",

q‘) - - 2
mV ",

o
Substitute F, - D,,, for F, and —* for ¥ .

i,

Z(Fx -DM)V,,

3
ABY i
my| — MV
1,

n,=0.3414

Therefore, the propulsive efficiency is |34.14% .

n,=

Comments (1)

Was this solution helpful? o] (o]
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