9.1

At saturation conditions, steam is not ideal. Use the Steam Tables:
At 377°C and 1.6 MPa, read h; = 3.205E6 J/kg and s; = 7153 J/kg-K
Atsaturation fors,=s,=7153, read p,=185kPa,
T,=118°C, and h,=2.527E6 Jka

Then h+%v2 = 3.205E6+%(200)2 = 2.527E6+%V22. solve V, =1180 ' Ans.
S

This exit flow is supersonic, with a Mach number exceeding 2.0. We are assuming with
this calculation that a (supersonic) shock wave does not form.
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93 ¢ O, expands 1sentropically through a duct from p; = 125 kPa and 7, = 100°C to
p>» =80 kPa and 7, = 325 m/s. Compute (a) T5: (b) Ma,: (¢) T,: (d) p,: () V;: and (f) Ma;.

Solution: For CO,. from Table A 4. take k= 1.30 and R = 189 J/kg-K. Compute the

specific heat: ¢, = kR/(k — 1) = 1.3(189)/(1.3 — 1) = 819 J/kg-K. The results follow mn
sequence:

(a) T, =T,(p,/p)" V% =(373 K)(80/125) V12 =336 K Ans. (a)

(b) a, = JkRT, =/(1.3)(189)(336) =288 m/s. Ma, = V,/a, =325/288=1.13 Ans. (b)

fe—1 :
() TM::{;::Tﬁ[1+7mﬁ)_(336)[1 -}:4011( Ans. (c)

- 1.3/(1.3-1) 03 1.30.3
(d) Po1= Por =p1[1+7m‘§) —(80)[1+£(l.13)3} =171 kPa Ans. (d)

o
-

(€) T,=401K=T + A 37341
2 2(819)

p

(f) a, =kRT, =\[(1.3)(189)(373) =303 m/s. Ma, = V;/a, =214/303=0.71 Ans. (f)

Solve for V, =214 m/s Ans. (e)
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0.5 First evaluate the unblocked test conditions:

T=293°K, a=+KkRT =1.4(287)(293) =343 =, .. V=(1.1)(343)=377 —
S S

) o) 13213
Also. iz[lJrO'b(l'l) I _ 1.007925 . or A*=1.0/1.007925 = 0.99214 m?

A*  1728(11)  (unblocked)
If A 1s blocked by 0.004 m’, then A, =1.0 — 0.004 = 0.996 m", and now

Apew = L2le =1.00389. solve Eq.(9.45) for Ma(blocked)=1.0696

A* 099214

Same T, =364 K, new T =296 K, new a = 345 m/s, new V =Ma(a) = 369 m Ans.
S

Thus a 0.4% decrease 1n test section area has caused a 2.1% decrease 1n test velocity.

0.6 Assume p. = 1 atm. For a control volume surrounding the plate, we deduce that

F=135N=p V’A_=kp.Ma A_=1.4(101350)(0.002 m")Ma_
or Ma_=0.69 Ans. (b)

m
—  thus
S

T. =293/[1+0.2(0.69)*1= 268 K. a_ =+/1.4(287)(268) =328
V. =a_Ma_=(328)(0.69) =226 m/s Ans. (a)
Finally, p,. =p, =101350[1+0.2(0.69)’ > = 139000 Pa Ans. (c)
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/ Zkflla,
= = P o
Yoz = $27 95 kba =
:{’if:;;
9.8  Ifashock: <« sonic. A% = 10 cnr
. If a shock forms, the throat 1s sonic, A* = 10 cm™. Now

pr =0.5283p,, = 0.5283(500) ~ 264 kPa=p_, also

., 264
Then Por _ 227 _ 0.5283: Table B.2, read Ma, = 2.43
Por 500
[1+0.2(2.43)°T"

So A/AT = ~247 or A,(atshock)=247(10)=24.7cm’ Ans.

1.728(2.43)
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Let us answer the second question first, to see where 0.12 kg/s stands:

o _0.6847p A% _ 0.6847(120000)(0.0005)
e JRT \287(300)

o]

~0.140kg/s Ans. (b) (ifp,,, <63 kPa)

So the given mass flow 1s about 86% of maximum and p,,,, > 63 kPa. We could just go at
1t, guess the exit pressure and 1terating, or we could express 1t more elegantly:

. ;— Const Ma
m :pAV: po 3 Ma 2.3 7
(1+02Ma?)** 1+0. 2Ma T (1+0.2Ma?)

where Const = 0.2419 i SI units. If i = 0.12 kg/s, we thus solve for Ma:
Ma = 0.496(1+0.2Ma*)’ to obtain Ma = 0.62. p,,, ~92.6kPa Ans.

PR SRS NS ———
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9.12

We have enough information
at section 1 to compute the mass flow:

a,; = \/1.4(28?)(30+273) =349 m/s, 'V, =2.5(349)=872 E, Py = P _ 046 k—%
S RT, m

Then m=p AV, =0.46(0.0024)(872) = 0.96 kg/s .Ans. (a)
Now move isentropically from 1 to 2 upstream of the shock and thence across to 3:

A 24 ) A, 18
L-264 Al=——=91cm’. and —2=—=198

A} 2.64 A}
Read Ma, yream = 2-18. Poj = Py = 40[1+0.2(2.5)° T = 683 kPa. across the

Ma, = 2.5,

4
Al

=1.57. A =143 cm’. As 504 .. Ma, =027 Ans. (b)
A% A
<12

shock.

Finally, go back and get the stagnation pressure ratio across the shock:

p03
an

at Ma, = 2.18,

~0.637. . Pos=0.637(683)=435kPa Ans. (c)

9.13

The two “scratches™ cause Mach waves which are directly related to Mach No.:
Ly =30°, Ma, =csc30°=2.0, f=50°, Eq. 9.86yields 8 ~=18.13° .ns. (a)

Then Ma,, =0.690= Ma,sin(50-18.13°),

Ma, =1.307. ¢ = sin"l[ J ~49.9° Ans. (b)

1.307
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9.14

For Ma= 3. 8= 8°, Eq. 9.86:

f=25.61° Ma =3

2.8(35in25.61°%* -0.4 1=70kP

Pa/p; = (3sin ) =1.80. P a
2.4 . A

Py = 124 kPa Ans. (a)

(b) A nonmal shock forms, and pg = p,, inside the shock. Given p,; = p;/0.0272 = 2573.529 kPa
Table B.2, Ma = 3: p,»/po; = 0.3283, hence p,, = 0.3283(367) = 845 kPa Ans. (b)
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9.16

Air;

p, =100 kPa

Ma, = 3.0
Given &= 10°, find state 2: L...

Ma, =3.0, 6, =10°.
Eq. 9.86 predicts 3, =27.38°,
Ma,, =1.380, Ma,, = 0.748,

-. Ma, =2.505. 6,=6,=10°. [, =31.80°, Ma, =132, Ma, =0.776.
s Ma; =2.09  Ans.
Meanwhile. p,/p, =2.054. or p, =205.4kPa.

and ps/p, =1.866. p,=1.866(205.4)~383kPa Ans.
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9.18

The solution is given i the form of the two sketches below. A shock wave
with a 30° turn 1s a hugely non-isentropic flow, so the final conditions are nowhere near the
original and they do not agree with each other either.

h132 2.641

Ma=1514 60.3 kPa
p =342 kPa _.42 33°
w=12.3%

—-———p-

9.19

This is a real ‘quickie’ compared to what we have been doing for the past
few problems. Isentropic expansion to a new pressure specifies the downstream Mach
number:

35 .
P, =py| 1+02Ma] |~ =100[1+0.2(2)’*° =782 kPa

50
P,/P, = 2 0.0639. read Ma, =2.44, read @, =37.79°,

while @, =26.38°, .. A8 =37.79-2638=11.4° Ans.
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