ASE 376K HW#4-1 Philip Varghese

Need: Ag, A, for the aircraft engine inlet W
Given: m =47 kg/s, M,= 0.43, M;=0.88 //>
Pa= 26.5kPa, Ta=230K, 74=0.85, = ”2<
BoP =045 |

o ° 1\;
Solution:
Given m, need A so use mass conservation equation Assumptions
M= p AU, = p, AU, (1) Steady, quasi-1D flow
@ @ (2) Adiabatic flow
T,=T,=T, £1+7’__1 M:j =266 K (3) ldeal gas behavior,
@) 2 R.ir=287 Jkg-K, y=1.4
3 T, a (4) External flow (a—1)
T, A 256 K isentropic
[1+ M ZJ
2
1 r
— -1
Poz = Pa (1"‘ T4 77 ijy = 40.9 kPa; P, = Po2 = 36.0 kPa

r
(1+ ]/2—1 Mzzjy—l

0 :F?_TZ = 0.489 kg/m® U, =M, \[yRT, = 0.43 x 321 Vs = 138 m/s
2
m

Finally, A = ={0.696 nt

P4,
p=p,+a(p,—p,)=308kPa; T, 5 Te= 266 K;

e 1
A: P = P = P. [1+7—_1 ijy‘l - 439kPa = 1+7 -2 m? :(&j " 21,107 = M, = 0.730;
0 2 2 D,
T, =T+‘1: 240 K; u, = M, [yRT, =227 m/s
1+7T M/
y-1
(4) p |7 y

orB: T,=T,| = | =240K; u =,2c,(T,,-T,); c, :—1&“ =1005 Jkg-K = uy = 227 m/s

pa 7/_

After either A or B (I think procedure B is faster): we have p, = % = 0.447 kg/m®

1
Finally A = M _0.a64 n?
U

1




ASE 376K HW#4-2 Philip Varghese

Need: (i) T =f(As), plot of process on T-sdiagram, (ii) Ty; (iii) 7
Given: Air, compression process, T; = 500 K, p: = 200 kPa, p, = 1 MPa, 77, = 0.92

Solution:

- . 3 1 Assumptions
Gibbs” equation: Tds=c,dT —;dp (1) Constant properties (Cp, 7= 1.4)
(2) Ideal gas, Rar = 287 J/kg-K

For the corresponding isentropic (ds = 0) process with same dp:
1 :
0=c,dT, —;dp = Tds=c,(dT -dT,);

dT dar ds
=—==dl_=#_dT and Tds=c dT (1— >—=——,
Mo dT s = e p ( npc) T c, (1_77pc>

Integrating and rearranging one gets|T =T, exp [% desired expression for T = f(As)
Co\ L=

(r-1)

. . . T. Mpc?
For a polytropic compression we have (from notes or equation sheet) ?2 = (&j , SO
1 B

(r-1)

p, |7
T,=T,| 2| =B24K
P,

(r-1)

th_n_TZS_Tl
hz_hl B TZ_T].

.=

T, :Tl(&j T Z792K = ne=0.90 < 7pc \as expected.
R

A plot of the compression process is
shown, along with constant pressure
lines. For convenience, | choose state 1
as the reference state, with s =0

Y —
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ASE 376K HW#4-3 Philip Varghese

Need: (i) T =f(As), plot of process on T-sdiagram, (ii) Ty; (iii) 7
Given: Air, expansion process, T1 = 1500 K, p; = 800 kPa, p, = 300 kPa, 77pe = 0.93

Solution:
- . 3 1 Assumptions
Gibbs’ equation: Tds—cpdT—;dp (1) Constant properties (G, 7)
(2) Ideal gas, Rar = 287 J/kg-K
(3) ynot specified, so use y=*/
appropriate for high temperature

air.
For the corresponding isentropic (ds = 0) process with same dp:
0=c,dT, —ldp = Tds=c, (dT —dT);
Yo
npezd—T:desz/npe and Tds=cpdT(1—]/77pe):>d—T: ds =-— ds ;
dT, T Co (1_]7/7706) Cp (]/ﬂpe_l)
. . AS . .
Integrating and rearranging one gets|T =T, exp [——} desired expression for T = f(As)
Co (]7/'7pe _1)
Mpe(7-1)
For a polytropic expansion we have (from notes or equation sheet) %: P , SO
1
Mpe(7-1)
T, :T{&J - 1194 K| (1156 K if = 1.4 assumed)
P
)]
7 = h-h _T-T _T-T, T,. :Tl(ﬁj " = 1174 K = 1= 0.94 > 7018 expected.
th_hL TZS_Tl Tl_TZS P
(T2s=1133 K and 7= 0.94 for y=1.4)
A plot of the expansion process is 1600
shown, along with constant pressure i
lines. For convenience, | choose state 1 - p = 800 kPa
as the reference state; 1500
c,= Ll R, = 1148 JkgK.
r 1400 -
< i
= i
1300 -
1200 p = 300 kPa
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