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Section 4.1 Homework

Given: A turbojet engine operating as shown below
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» Assume Isentropic Diffuser, Nozzle

* Compressible, Combustor Turbine NOT! Isentropic
* Assume Constant C,,, C, across cycle

* Air massflow >> fuel massflow
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Calculate :

(a) The properties at all the
state points in the cycle

(b) The heat transfer rate in

the combustion chamber

(kW)

The velocity at the

nozzle exit (m/s)

The propulsive force

(Ibf)

The propulsive power

developed (kW)

(f) Propulsive Efficiency

(g) Thermal Efficiency

(h) Total Efficiency

(1) Draw 7-s diagram

() Draw p-v diagram

(c)
(d)

g




IMechanic3edrenospace)

Engineering

UtahState

UNIVERSITY

Section 4.1 Homework o

Given: A turbojet engine operating as shown below

Calorically
Incoming Air to Turbojet (@ to station 3) Perfect Gas
 Molecular weight = 28.96443 kg/kg-mole
) ’}/ = 140 = C »
*R, = 287.058 Jkg-K c,
o T.. = 230K
® Do = 26kPa g:Cp_Cv
* Ve = 220 m/sec y
 Universal Gas Constant: R, = 8314.4612 J/kg-K b R,
For -l Ideal Gas 1
...Isentropic 5 o & 7 p=p- R .T C, =—7 Rg
Conditions = — g v—1
I \p
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Given: Across Components

Isentropic Diffuser

Assume D, = 60.96 cm (24 in.)

Doutlet =1.5x Dinlet
V2 V2
hy =h+—1=h_+-—=
! 2 2
ho1 ~ Cp1 -];)1
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Compressor

e ASSUME COMPRESSOR EXIT MACH ~ 0

. = lsentropic power input
N actual power input

hy=C T,
hO | _ hO 1 Py 1
=—= 5 h =C -T
nc hO _ hO 0, Py 0y yeruar
P hOZl -0 - Cpai . Té)z ideal
Pz 211 V;;:hoz_hol
P, F 0,
(T, ) ()
s,—s,=C lnL Zacual | _ Rg lnL&J
T, P,
r-1
h02|s=o Cp °Toz|s=o N T02|s=0 _ B 0, ’
h01 Cp . ’1-;)1 TO1 Poz

g
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Given: Across Components

Combustor

contant pressure,m .. >>H .
awr awr

Cp,)/ ~const, T,=T tame = 1400K

T
S3 — S2 = Cp hlL TﬂameJ

2

actual

Assume combustor Inlet/ outlet
Mach numbers are essentially
Zero
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Turbine
e = actual power output
isentropic power poutput
h h h03 - Cpair .]-(')3
_ 0 B 0, h =C T
nt - h . ho — 0, o P . 04 4ctual
- h04s:0 - Cp air . ]"O4ideal
W W
Assume — Zt = h03 B h04 Actual |
e
el LA =
PO4 . T;)zus:o " _ s nt m — 1_LK "~
P03 ’[;)3 h03 nt .h03 m
(7, Y (P
S4 . S3 — C ln 4actual R ln 4
p ]:) g E)
4
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Given: Across Components 7_1
P\
Nozzle Assumed Optimized Nozzle 2 po;y =p. T, =T, -|—2
pexit

i

n‘{h4 +V742) = m(hm +%) >V, %0V, = [2(h,~h,,)

F:m(Vexit_Voo) Wp:F'Voo
) W, (KE,,-KE.,)

77 Isive 77 _
propulsive . . thermal .
mair (K'E'exit KEOO ) mfuel . hfuel

F-V,

Tltotal = n prop ) nthermal = . h
fuel " fuel
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/4

p

N proputsive = ( KE —-K.E .Oo)

‘exit

ey J

) (K.E.,
nthermal _ mfuel . hfuel - ( h03 _ hoz)
] (v )
Kby ZKE =Py =3V e V)
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State Table Example
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