Midterm 2 review

-All previous knowledge is agsumed // /
C
Lift equation ’L @V <

Ideal gas law ? 2 / A l\
Hydrostatic equation (manometer) A ? = "/0 %O

Continuity 7,?\ = w\} T = p A v /AI //Az. V’b

If density is constant:

AV, < arvey

Bernoulli. (Remember to check your |ncompreSS|bIe assumptlon M_<O/3,_y< 100 m/s or 300 ft/s)
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(If incompreSS|bIe flow is assumed always say why, don’t just write density.)

Elementary thermodynamics

First law of thermodynamics:

States that the change of internal energy equals the heat added to and the work done to the system
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Assumes constant pressure
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Assumes constant volume

h—enthalpyh= € ¥ PV
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for a constant pressure process g Q - Cp 4 T
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for a constant volume process

since dV=0 then

since dP=0 then

and



*Even though these equations were derived based on constant P and V, they hold true for any process if
the gas is a perfect gas. The arguments that prove this are beyond the scope of this course

(p. 158 book)
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For any process

-Energy equation (relates temperature and velocity ) )
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-Isentropic flow

= e ? Pw) O
Assumptions: ?w /0@) w & ’K)

Adiabatic: No heat transfer

Reversible: No friction 0 /‘”
sentropic relations 0’
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We cannot assume incompressible; density must be allowed to change (Can’t use Bernoulli)

Flight regimes:
M<1 subsonic
M=1 sonic

M>1 supersonic

Subsonic wind tunnels
Most of the times can assume incompressible because we are dealing with low speeck

- Velocity increases as the area decreases through the convergent nozzle, and the opposite occurs
for the divergent part



Different types of pressures

-Static pressure is the pressure we would feel if we were moving along with the flow (Standard
atmosphere table) /\ - %/s / /1/5 /

Total pressure or stagnation pressure: The pressure obtained at a point where the flow velocity
has been decreased to zero. =0 = v

-Itis a property of the flow. K Z
-Constant throughout. (We can use it to find the pressure at other points)

- Since the velocity is zero, Mach number is zero.

-It is measured by a pitot tube af
- If we assume incompressible the Bernoulli’'s equation can be used h relates dynamic o2 J//
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quivalent alrspeed is the airspeed measured by an airspeed indicator and deals with sea level
density. If assumlng i ressj f w then ’/Z
/sb .
An equatlon that rela teStrue alrsoeed anhd equivalent airspeed:
Vi = V2 Mz

If the incompressible assumption cannot be made, then one way to find the true velocity is solve
for it using Mach number =v/a (Be careful not to use TO when finding Mach number,
remember velocity is zero at the stagnation point, therefore M=0!)

We can find Macl’; number usmg th;/lsentroplc Mach relations /d’ A
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Supersonic wind tunnels ’1—;[ 9

-For the velocity to increase the area must increase

Supersonic wind tunnel
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Rocket nozzle

Reservoir: PO, TO,rho0 (flow going into the wind tunnel)

Test section: P_exit, T_exit, rho_exit (flow going out).

Area Mach relations
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A X
lAwe are given a Mach number or an area ratio, we can get either of those from the table

- Be careful when using the table, since your result will depend on if the flow is subsonic or
supersonic
- Itsimportant to know that a throat is the point where the smallest area of a wind tunnel or
rocket nozzle can be found, but having a throat does not necessarily mean that you have a
choke point where M=1. ,F
- A*which is the area where M=1 can be thought as a property of the flow like PO,TO and rhoO.
Even if we do not physically have it, we can still solve for it, and use thls valu etg find other %

ﬂ l/\ — - PR = 4
ST N 01~ NN = Y -2
- You WI|| see indicstiorfs that wi has a physical cho int (e.g. are told that the

flow goes from subsonic to supersonic)
- Evenifthereisthroat, if the Mis not 1 at this point, the flow can stay subsonic or supersonic.

4.11 p. 280..Anderson book

The mass flow of air through a supersonic nozzle is 1.5 Ibm /s. The exit velocity is 1500 ft/s, and the
reservoir temperature and pressure are 1000°R and 7 atm, respectively. Calculate the area of the nozzle
exit. For air, cp = 6000 ft - Ib/ (slug)(°R).

4.14 .Calculate the Mach number at the exit of the nozzle in Prob. 4.11
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Question: A nozzle needs to be designed for a supersonic win§ tunnel with air as the
primary fluid. The test section specifications are provided below:

1) Mach#=4.92

2) Diameter =13 cm

3) Static pressure = 54.05 kPa
4) Static temperature = 255.7 K

\/ Test §ectton
T

P —

Determine the following wind tunnel characteristics to achieve the specified test section
flow properties:

a) Mass flow provided

b) Nozzle throat area

c) Reservoir temperature (T,)
d) Reservoir pressure (p,)

Assume isentropic flow in the nozzle and neglect frictional effects. Assume that
M behaves as a perfect gas with y=1.4 and R=0.2870 kJ/kg-K.

L

At test seotion:

M= 442 T=155.1K
D=0.13m R =231 J/I:j- ¢
P=040950 Pa ¥ =LY

M Mass flow @ Test Sectian
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W) Nozzle Thoat area A
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C
> Reservotr Temperature — Sﬂjnuh.n Temperature
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Ty = Ty = [443.615 K

M Reservuir Pressure —> Stagnation Pressurt

po-: P(\ +Y;%_(M1)E

\l/ Evaluate

Py = P, = 160359113 fur
160%5.9713 kfa.



00 Midterm 1 Review

Sigma Gamma Tau AAE 200 M " V

l

Po = 1000kPa

To = 600K

|

2
=2m
A* = 0.25 m? Ae

The rocket motor shown above is designed to operate most efficiently at an altitude of 55,000

feet, producing approximately 87,000 pounds of thrust at this condition. From the conditions
given, determine the following:

a) The exit mach number
b) The exit pressure
¢) The exit temperature

d) The exit velocity

You may assume that gamma is constant, and the flow is isentropic.
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19
195
2
205
21
215
2.2
2.25
23
2.35
24
245
25
2.55
26
2.65
2.7
2.75
28
285
29
295
3
35
4
45
5
55
6
6.5
7
4
&
85
S
85
10

M

AJA*

155526
161931
16875
1.75999
183654
191854
2.00457
209644
2.19313
2.29528
24031
2.51683
263672
2.76301
2.89558
3.03568
3.18301
3.33766
3.50012
3.67072
3.84977
£.0376
423457
10.7188
16.5622
25
36.869
53.1798
75.1343
104.143
141 841
190.109
251.066
327.189
421131
535.938
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0.5807

0.568
0.5556
0.5433
0.5313
0.5196
0.5081
0.4969
0.4859
0.4752
0.4647
0.4544
04244
0.4347
0.4252
0.415%
0.4068

0.398
0.3894

0.381
0.3729
0.3645
0.3571
0.2899
0.2381

0.198
0.1667
0.1418

0.122
0.1058
0.0926
0.0816
0.0725
0.0647
0.0581
0.0525
0.0476

Figure 2: Table of ratios for isentropic duct flows.

P/po P/Po TIT* plp* p/p* ulu®

0.1492
0.1381
0.1278
0.1182
0.1094
0.1011
0.0935
0.0865
0.08
0074
0.0684
0.0633
0.0585
0.0542
0.0501
0.02564
0.043
0.039¢6
0.0368
0.0341
0.0317
0.0293
0.0272
0.0131
0.0066
0.0035
0.001%
0.0011
0.0006
0.0004
0.0002
0.0002
0.0001
7E-05
SE-05
3E-05
2E-05

0.257
0.2432
0.23
0.2176
0.2058
0.1946
0.1841
0.174
0.1646
0.1556
0.1472
0.1382
0.1317
0.1246
0.1179
0.1115
0.1056
0.09%9
0.0946
0.08%6
0.0848
0.0804
0.0762
0.0452
0.0277
0.0174
0.0113
0.0076
0.0052
0.0036
0.0026
0.0019
0.0014
0.0011
0.0008
0.0006
0.0005

0.6965
0.6816
0.6667
0.652
0.6376
0.6235
0.609¢
0.5963
0.5831
0.5702
0.5576
0.5453
05333
05216
0.5102
0.4991
0.4882
04776
0.4673
0.4572
0.4474
0.4379
0.4286
0.3478
0.2857
0.2376
0.2
0.1702
0.1463
0.127
0.1111
0.098
0.087
0.0777
0.069¢6
0.063
0.0571

0.2825
0.2615
0.2419
0.2238
0.207
0.1914
0177
0.1637
0.1514
0.14
0.1285
0.1198
0.1108
0.1025
0.0949
0.0878
0.0813
0.0753
0.0658
0.0646
0.0559
0.0556
0.0515
0.0248
0.0125
0.0065
0.0036
0.002
0.0012
0.0007
0.0005
0.0003
0.0002
0.0001
SE-05
6E-05
4E05

0.4054
0.3836
0.3629
0.3433
0.3246

0.307
0.2903
0.2745
0.2596
0.2455
0.2322
0.2196
0.2077
0.1965
0.185%

0176
0.1665
0.1576
0.1493
0.1214
0.133%
0.1269
0.1202
00714
0.0236
0.0275
0.017%

0.012
0.0082
0.0057
0.0041

0.003
0.0022
0.0017
0.0013

0.001
0.0008

1.5861
1.6099%

1.633
1.6553
16769
1.6977
1.7179
1.7374
1.7563
1.7745
1.7922
1.8092
1.8257
1.8417
1.8571
18721
1.8865
1.9005

1914
1.9271
1.9398
1.9521

1964
2.0642
2.1381
2.1936
2.2361
2.2691
2.2953
2.3163
2.3333
23474
2.3591
2.3689
2.3772
2.3843
2.3905
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Sigma Gamma Tau AAE 200 Midterm 1 Review

Solution:

* v s
Note that the thrust data is rrelevant to the problem at hand, but accurately matches the

performance of the design for the data given.
(a)

We begin by solving the area relation formula for the exit mach number:
y+1

. AN 1 2 y—1 y—1
—s ) & = I M2 =
(A*) - M§L’+ 1(1+ 2 M‘-’)] > M= 3677

(®)

Use the isentropic relation to find the exit pressure:

P, —1 ¥
<= (1 L—mz)" - R=1022kPa

Py 2
©
Again, use an isentropic relation to determine the exit temperature:
T, -1\
-’—‘= (1+ TMe) - T,=16198K
T
)

Finally, use the speed of sound formula to determine the exit velocity:

m
Vo= MJYRT, — V= 938.06—
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