Farokhi problem 3.1

The total pressures and temperatures of the gas in an afterburning turbojet engine are
shown (J57 “B” from Pratt & Whitney, 1988). The mass flow rates for the air and fuel are
also indicated at two engine settings, the Maximum Power and the Military Power. Use the
numbers specified in this engine to calculate:

J57 “B” Series afterburning military torhojet
sea level static internal pressures and tﬂnperﬁltures
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157 powered many military
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and F-4 Phentom
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Molens:
(1) Dalz {or slaine t heough 7 alen apples to 8 (3) Fuel flow: maximuam W, = 33.650 Ikvhy
J5T °FF series nonafarburining furbogel Maltary w, = B.520 vh
(2) Alefiow: maximum v, = 172 Ibis (4) Thrust: maximum £, = 16,000 lb
Milltary w, = 164 ibfs Military £, = 10,200 1b
Dati Si cp(J/kgK) 1,005
QR(BTU/Ibr 18,600|QR(ft2/s2)| 465,707,434|QR(kI/kg) | 43266|cp(BTU/Ib{  0.24
AB MIL AB MIL S| AB MIL
m2(lbm/s) 172 164|m2(Ibm/s) 172 164|m2(kg/s) 78.02[ 74.39
mf(lbm/hr)| 33,650 8,520|mf(lbm/s) 9.35 2.37[mf(kg/s) 4.240 1.073
Fn{lbf) 16,000 10,200(Fn(lb ft/s2) 514,800| 328,185|Fn{N) 71,173 45,373
AB MIL Sl AB MIL
Stazioni pt(psi) |[T{F) pt(psi) T(F) pt(kN)} |T(K) pt(kN) [T(K)
2 14.7 59 14.7 59 101.4 288.1 101.4 288.1
2.5 54.0 330 54.0 330 3723 438.7 372.3 438.7
3 167 660 167 660| 1,151.5 622.0] 1,151.5 622.0
4 158 1,570 158 1,570| 1,089.4( 1,127.6| 1,089.4 1,127.6
5 36.0 1,013 36.0 1,013 248.2 818.1 248.2 818.1
9 32 2,540 33 1,013 220| 1,666.5 228 818.1

the fuel-to-air ratio f in the primary burner and the afterburner, at both power settings

f = 1y /iy = 4.24/78.02 = 0.0543

fumir = mg/my = 1.073/74.39 = 0.0144

the low- and high-pressure spool compressor pressure ratios and the turbine pressure
ratio (note that these remain constant with the two power settings)

T[(,'Lp = pt2.5/pt2 = 3723/1014 = 3.672
Tenp = Pea/Pezs = 1.151/372.3 = 3.09 1, = pys/pes = 248.2/1089.4 = 0.2278

c) the exhaust velocity for both power settings by assuming the specified thrust is based
on the nozzle gross thrust (because of sea level static) and neglecting any pressure
thrust at the nozzle exit



F 71,173 m

F — V V —_ —_—_— = 865-2 M
MgVg = Vo e 4.24 + 78.02 S
. - . F 45,373 601 m
- - === = e
Mit = MgVg >y 1.073 + 74.39 s

d) the thermal efficiency of this engine for both power settings (at the sea level static
operation), assuming the fuel heating value is 18,600 BTU/Ibm and cp=0.24BTU/IbmR.
Explain the lower thermal efficiency of the Maximum power setting

1+ HVE - V¢ 1.0543 - 865.22

Nth = = = 16.8%
2f Qg 2-0.0543 - 43.266 - 10°
1+ fVE - V§ 1.0144 - 6012
Ny = 2o 10 _ = 29.4%
2fQr 2-0.0144 - 43.266 - 10

e) the thrust specific fuel consumption in lbm/h/Ibf in both power settings
TSFC = my 424 59 5mg TSFC. — my  1.0733 23 mg

T FE, 71,173 TN ML= p T 45373 "7 N

f) the Carnot efficiency of a corresponding engine, i.e., operating at the same
temperature limits, in both settings

- tmin 2500 gy
nCarnot - Tmax - 1666 - . 0
Tyin 288.1
n R L P e L W)
CarnOtMl Tmax 1128

g) the comparison of percent thrust increase to percent fuel flow rate increase when we
turn the afterburner on

%F = 100" = 100 —~— = = 56.8%
Mil ’
Myan — M 4.24 - 1.073
Yoriy = 100~ = 100 ——— = = 295%
FMil .

h) why don’'t we get proportional thrust increase with fuel flow increase (when it is
introduced in the afterburner), i.e., doubling the fuel flow in the engine (through
afterburner use) does not double the thrust.

AB MIL S| AB MIL

f 0.0543|  0.0144|f 0.054| 0.014
T 3.673 3.673|mp 3.673| 3.673
Tonp 3.093 3.093 |7onp 3.093| 3.093
7, 0.228 0.228|m, 0.228|  0.228|No change in 7z, for AB On /off
Vo(ft/s) 2,839 1,973|v9(m/s) 865 601
e 0.168 0.294 174, 0.168| 0.294
TSFC(lbm/h|  2.103|  0.8353|TSFC(mg/sN)|  59.570] 23.659
1 carnot 0.827 0.744|%carmot 0.827| 0.744
%F 56.9 %F 56.9

%mf 295.0 %mf 295.0




TurboJety Tom

Turbo Jet By TomLevel 4 2 57
[ 5 a5 79 NS AN
diff comp cc Tur AB No 'd:C'b' t :P: ;|
c, 1004 1152 1243 I/kgs N —
y 14 1.33 1.3
7T 0.96 10 0.95 0.98 0.97
M, €.t 0.9 0.99 0.9 0.99
Tt 1750 2250
MO 2 po/p9 1|QR 42800 kl/kgK
TO 250 K p0 101,300|Pa Nm 0.99
y—1 14-1 1.33-1 1.3-1
k=== = 02857 ke=—T5z—=0248  ky=—2—=0231
R =kc, = 1004 -0.2857 = 287L R, = k;c,, = 1152 0.24-8L = 286
P kg - K ¢ Tt kg - K
J

Ro = koCpo = 1243 - 0.231 = 287m

Tag.off = 1

Effetto Ram

m m
ao = /YRT, = V1.4 -287 - 250 = 317? Vo = Myap = 2-317 = 634?

T =tho=1+-——M; =18

1 1
Tio = Tyt = 250-1.8 =450 K Pro = porf =1.013-10%-1.802857 = 7.93 - 10° - Pa

Diffusore
Dt2 = ProTq = 7.93 - 10°-0.96 = 7.61 - 10°Pa

Compressore

e£ 0.2857
T, =m=10 09 =208 pg =ppm,=7.61-105-10=7.61-10°- Pa

Tys = TppT, = 450 - 2.08 = 936 - K

Camera di Combustione
_cpeTea 11521750

- = 8.03
47T, 1004 - 250
f= Ty — T Tr _ 8.03—-2.08-1.8 — 0.0266
Qe /(cpTo) — T2 42.180-010.62.5%99 803 :
1, 803
T = 2.14

~ T, 208-18



Dea = PesTp = 7.61-10°-0.95 = 7.23 - 10° - Pa

Turbina

1
et = 0.7630.248:0.90 = (0.298

(t. — Dr, 1.08- 1.8 -

—— =1 =0.763 @ =1,
Nm(1+ )1y 0.99 - 1.027 - 8.03

Des = PpaT, = 7.23 -10° - 0.298 = 2.154 - 10° - Pa

Tt5 = Tt4Tt = 1750 . 0-763 = 1335 . K

Tt:

Ugello
ptg = ptsﬂn = 2.154‘ . 106 . 0.97 = 2.09 . 106 . Pa, Tt9 = Tt5 = 1335 . K
Pto Po PtoPo 20.9
Pro _ 0 _ 2 1 =2063
Po TnfteltpTeTtatty Do Po Pe 1.013
My = |2 (@)kt —1= |2 (20,6302 — 1) = 2.60

27y =1\ pg 033" '
Tio ye—1 Deo\*t
=y =1 M2 = (—) =20.630248 = 2,12
T, Pq + > 4 7o

Ty 1335 m
Ty = o= = 630K  ag=+/Y:RoTo =V1.33-286 - 630 =490-?
_Po

Vo = Mo = 2.60 - 490 = 1274 - = Vo=l 14 —Po )=y, 1270

9 = Mgag = 2. = S 9e — Vo ngg — V9 aO_ 317

Spinta e rendimenti

Fu V9.e
. =1+ f)——M, =1.027 - 4.02 — 2 = 2.13
mya, ao
7 _AKE'_a%[(l +f)(V9/a0)2—M§]_ B
T, 2f Qg 2f Qr
_FY, 2F,V, /1, _ 2RV,/my,
o = 4kE ™ at[(1+ H(Ve/ag)? — MZ] B

2
m
B =ai[(1+ f)(Vo/ag)*> — ME] = 1.027 - 1274% — 634% = 1.26 - 10° s

B 1.26 - 10° _ 055
fien = 2fQr  2-0.0266-42.800-106
F
2a0Vorm o= 2317634 - 2.13

Np = B = 126106 = 0.68 Mo = NpNen = 0.55-0.68 = 0.374

T f f 0.0266 < kg kg
TSFC =—-L = = = =3.94-10"°-—=< = 0.0394 - —

E,  F/me , R 317-213 Ns kNs

O 1myag

Post bruciatore acceso
D7 = PesTyup = 2.154 - 10°.0.98 = 2.11-10° - Pa



ool _ 12432250
AB T Ty~ 1004 - 250
(A4 (T —17) _ 1.027(11.14 — 8.03 - 0.763)

=11.14

Ja8 = Qe asan . ~ 42800-10°-099 . ., 00327
cpTo A-AB 1004 - 250 '
Ugello
ptg - pt7ﬂn - 2.11 . 106 . 0.97 - 2.05 . 106 . Pa Ttg - Tt7 - 2250 . K
Pto Po DPtoPo 20.5
Peo _ DB T 1 =2024
My = |2 (@)kg “1)= -2 (20.630231 — 1) = 2.58
27 lye—1|\ps 0.30 "7 '
To Yo —1 Do\
— =Yy =1 M2 = (—) = 20.59231 = 2,00
T, Yo + > 9 Do
Ty 2250 m
Ty = T—thtg =S50 = 125K ay= JYoRoTo = V1.30 - 287 - 1125 = 648 '
Po
Vo = Moo = 2.58 - 648 = 1672 - Voo = Vol 1+—22 | = V9—1672—527
9 = Mglg = 4. = S 9. = Vo )/9M§ =Vq a0_317_ .
Spinta e rendimenti
F, Voe
—— =1+ f + fug) — — My = (1 + 0.0266 + 0.0327) - 5.27 — 2 = 3.59
moQg Qo
AKE  ad[(1+ f)(Ve/ag)? — M§] B
‘r] = = =
“Tp 2f Qg 2f Qg
FiVy 2E, Vo /my 2F, Vo /g
Ny = - = =
P AKE ag[(1+f)(V9/a0)2—Mg] B
B =aZ[(1+ f + fap) Vo/ay)? — MZ] = (1 + 0.0266 + 0.0327) - 16722 — 634
2
m
= 2.56-10° - —
S
B 2.56 - 10° 0504
fleh = 2fQr  2-(0.0266 + 0.0327) - 42.800 - 106
E
200Vorm g 2317634 -3.59
Np = B = 556 . 106 = 0.56 Mo = NpNen = 0.504 - 0.56 = .284
i f f (0.0266 + 0.0327) < kg kg
TSFC =—-L = = = =522-10"%-—< = 0.0522 - —
E,  F/my E, 317 - 3.59 Ns kNs

Omeaq



k 0.28571 0.24812 0.23077
R 286.857 285.835 286.846 kl/kgK
a0 316.86/m/s VO 633.719 m/s
T,=T =0/ 1.8
Section |c t A t
T 2.07711| 0.76251| 8.03187 T 0.29696
Section 0 2 3 4 5 7 9
Tt 450 450 934.701 1750 13344 1334.4
pt 792,617 760,912 7.61E+06| 7.23E+06| 2.15E+06 2.08E+06
Section |f Pt9/p9 M9 Tt9/T9 |T9/TO a9

3 0.0267] 2.06E+01| 2.60209| 2.11719| 2.52107| 489.492|m/s

5 oJvo V9/a0 V9/a0 eff |[F/ma0  |Num

1273.7/m/s 4.01977| 4.01977 2.1271 1.26E+06

Section |t th p 0|TSFC*1e3
7 0.913| 0.55303| 0.67581| 0.37374/0.039617




