CHAPTER 8

a= [IRT =/(14)(287)(230) =[04 m/seq

8.1

2
8.2 cplo=cple+ 7“

V2 385)>
P )
2(6006)

T.=T, -
‘ ° ECP

a.= \JRT, =/(14)(1716)(359.3) =929.1 R

v
AN
a, 9291

a= [IRT, =[(14)(287)(300) =347.2 m/sec

_ 250 — o
3472

M=

P

From Tables: IT°—:1.104 and 2o =1.412
p

To=1.104 T=1.104 (300) =j331.2 °K|
Pe=1.412p=1.412(12) = [1.694 atm

p Po

p*=0.7455p=0455(1.2) =

£ T* T, _
I e 08333 (1.104) = 0.92

T T,
T*=0.92 (300) =

a¥ = \IRT = /(14)(287)(276) =333 m/sec
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e = Y B0 g

a*_§-3_§

84 a= [RT =.(14)1716)(700) = 1297 ft/sec

3%

M=Y_28 5,
a 1297

|

K=

From Tables: Ilf—= 2058 and 2= =125
P

To=2.058 T= 2.058 (700) =
Pe=12.5p=125(16)=

* *
L _TT_ ~ (0.8333) (2.058)=1715

T T,

T*=1.715T=1.715 (700) =

* *
PP P _(0528)(12.5)=66
p

p* = 6.6 p=6.6(1.6) =[10.56 atm]

a*= [RT* =.[(14)(1716)(1200) = 1698 fi/sec

.V 2983
M*= L =222 =[1757
a* 1698

T
85  From Tables: 2= =7.824 and =18
p

Hence, for ’rhé test section flow,
po="7.824 p=7.824 (1) =7.824 atm

T,=18 T=18(230)=414K
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Since the flow is isentropic, both p, and T, are constant throughout the flow. Also, in the

- reservolr, M = (. Hence, the reservoir pressure and temperature are

Po=7.824 atm

T,=414°K

8.6 From the Standard Altitude Tables, at 10,000 ft.,

Do = 1455.6 1b/ft* and T.. = 483.04 °R.

T
From Table A.1: For M, = 0.82; Po o 1.555, T° =1.134
pCD @

T
ForM=1; ¢ =1893 -2 =12
P T

Since the flow is isentropic, p, = constant and T, = constant.

p=-E Eo :%9“ (1.555) (1455.6) = [1196 Ib/ft]
070

P, Pa
T, 1 | ___
= T T, =5 (1.134)(483.04) =
_ T
87 TromTable A2: 22 =772 P2 =3449 2 =2238
P, £ T,

Poy =9.181, M, =0.5039, Do — 04601

pl poi

Hence,

p= 22 p, =772 (1) = [2aud

1

Ty= %Tl — 238 (288) =

=)
Ln




_py _ (DO x 10°)

1.222 kg/m’
RT, (287)(288)

po= L2 01 =3.449 (1222)=

P

Po, =~ p, =9.181 (1) =

1

T
T, =T, = T T\ = (2.352)(288) = [677.4 °Kl (using Table A.1)

1

6 =s;=-R £n 2% = (287) £n 04601 = 222.8 °UE
D, kg °K
5 . : T o
88 22 =1033. From Table A2, M, =30, = = 2679, %o ~12.06
ol 1 P

Thus,

T
Ti= LT, = (1390)=BI85R

T
From Table A.1, for M; =3.0, T =28

1

T,
To, =T, = T T, =2.8 (518.9) = 1453°

!

Po

poz =

1

= py = (12.06) 1) =

g9 Do :‘e-(sisj)/R = 1995287 _ g 409
P.,

From Table A.2: M;=2.5
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8.10  From Table A.2: —T—
1

=72.799 and M, = 0.4695
Hence,

T,
T, = ~T—' Ty =2.799 (480) = 1343.5°R

!

2 = JLAAT16)(13435) = 1796.6 ft/sec

V2 =M; a; = (0.4695)(1796.6) = 1843.5 {t/sec

T
From Table A.1, for M, = 0.4695, T =1.044

T,* T

T;_* =
TD

2 T, =(0.8333)(1.044)(1343.5) = 1169°R

5

z

Ag* = IRT, = J1H(1716)(1169) = 1676 fusec

w V, 8435
M, =L z-0.5o3
4 1676

2

Po 1 1403 which is
p 0528

higher than 1.555. Hence, the flow is subsonic. From Table A.1, for

"8.11 s the flow subsonic or supersonic? For sonic flow,

Po — 1555 M=0.82.
p

a= JIRT = /(14)(287)(288) =340.2 m/sec

V =Ma= (0.82)(340.2) = 278.9 m/sec

712.8

8.12  The ratio U : = 3.645 is Jarger thanh 1.893. Hence, the flow is supersonic. This

means that a normal shock wave exists In front of the nose of the Pitot tube. From Table A.2,
for
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P, 77128

= 3.645, M, = 1.56
p, 2116

a1 = JIRT, =/(14)(1716)(519) =1116.6 ft/sec

V1 =M; a; = (1.56)(1116.6) = [1742 fuseq

5
813 () p= e L X100y os o
RT  (287)(288)

7 — . ~ 5 : .
v |X®.P) =J2(1'555 1'?)2(;‘01 X107 303 misec INCORRECT
p ) L

v error = 2022189 _13 559

2789

) p= P= 210 4602376 sgit?
RT (1716)(519)

v=\/z(p°_p)=\/2(7712'8_2”6) =2170.5 ft/sec INCORRECT

P 0.002376

%enor:%ﬁz— =D4.6%

2y 2y MI=2y l-y+2y Mj
g4 Pr_q. 7(1\4‘,*-1):”“” 2y mrrar Mg
P y+1 y+1 ¥+1
[ "1‘ :':_
pzz[n” Mi)"’ @)
P> 2

M= 1+[(27/—1)/2]Mf
7 M ‘(7'1)/2)

Working with the expression inside the parenthesis of Eq. (2):
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1+(‘V;1] M:? 1'+(_}/2—1) M?

I+7/_1M§=1+7*1 _ PR 2
2 2 y Mi—-(y-1)/2 29 M? —(y=1)
=1+ 1){ 2+( =D M, }: 4y M} =2y -D+2(r =D+ (=)’ M
4y M7 -2(r -1 4 M2-2 (71

Ay M+ 2y ) My (7 2y D) MG
4y Mi =2 (r-1) 4y Mi =2 (r=1)

7 +1*M; “
4y Mj-2 (-1

Combining Eqgs. (4), (2), and (1), we have:

7
o o D*M?2 | d—y+2y M? . .
pzzp_zp_z{ UM, }" [ resy ‘}whmhisEq.(&SO)
Pi P Pi |4y Mi-2(y-D y+1

8.15 At80,000 ft., T.=389.99°R

Ve=2112 (%) = 3097.6 ft/sec

an = JIRT = ,/(14)(1716)(389.99) = 967.9 fi/sec

3097.6 _
967.9

Moo= 32

From Appendix A:

. T
For M=3.2, T° =3.048

T, =3.048 T, =3.048 (389.99)=1188.7 R
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Since 0°F = 460°R, the

T, = 728 7°F
g16 Lo I3 43
P, 0.1

From Appendix B, M= @

817 The temperature at the stagnation point is the total temperature in the freestream,
because the total temperature is constant across the normal shock. From Eq. (8.40),

T _ _
o =122 o1 22 s = 0602
T, 2 2

Since T, =300 K, we have

To = (260.2)(300) =

This is an ungodly high temperature. It is also incorrect, because long before the air would
reach this temperature, it would chemically dissociate and ionize. In such a chemically
reacting gas, the specific heats are not constant, which means that Eq. (8.40) is not valid for
such a chemically reacting flow. In reality, the temperature at the stagnation point on the
Apollo was close to 11,000 K, much lower than our estimate above, but still plenty high. Air
at 11,000 K is a partially ionized plasma. For the analysis of high temperature, chemically
reacting flows, techniques much different than those discussed in this book must be used.
See for example Anderson, Modem Compressible. Flow, 2™ ed., McGraw-Hill, 1990, or
Anderson, Hypersonic and High Temperature Gas Dynamics, McGraw-Hill, 1989, reprinted
by the American Institute of Aeronautics and Astronautics, 2000.

818 UseEq. (8.40)

T _
o o147 IMi
T 2

For T, = 11,000 K, T =300 K, and M, = 36, this equation becomes:

11,000

y -1 2
1+4— (36
300 5G9

35.67=0648 y- 0648
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or,

y%jgl

In order to use Eq. (8.40) to estimate a reasonably valid stagnation temperature for the
Apollo, we have to use an “effective gamma” of 1.055. To double check this, return to Eq.
(8.40), mnsert y = 1.055, and calculate T,

T _
o o147 g2 =1
2

(36)* = 36.64

1.055-1
-+.
2

o0

or,

To=36.64 T..=36.64 (300)= {11,000

71



