isentropiclD_07

In wind-tunnel testing near Ma = 1, a small area decrease caused by model blockage can be important.

Suppose the test section area is 1 m?, with unblocked test conditions Ma = 1.10 and 7'= 20 °C.

a.  What model area will first cause the test section to choke?

b. If the model cross section is 0.004 m? (0.4 % blockage), what percentage change in test section
velocity results?

Page 1 of 2



isentropiclD_07

SOLUTION:
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First determine the area when the test section will choke. This area will be the sonic area.
y+l
41 (15 Ma? 70
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Using Ats = 1 m?, Ma = 1.10, and yir= 1.4, 4* = 0.992 m>. Thus, the model area that will cause the test
section to choke is Amodel = Ats—A* = (1 —0.992) m? =|0.008 m?.

Using Eqn. (1) with 4 = (1 — 0.004) m? = 0.996 m? and A* = 0.992 m?, the Mach number in the test section
with the blockage is Ma = 1.07.

(1)

The velocity corresponding to a given Mach number is given by:

V =cMa =,/yRTMa (2)
where the local temperature is found using:
-1
T:T()(1+7T*1Ma2) 3)

The percent change in the test section velocity is:

% change Vr blockage — Vaio blockage Vi blockage 1
(1] = — _
VW/ 0 blockage Vw/o blockage
T

Ma

w/ blockage w/ blockage 1
Ma

w/o blockage Tw/ blockage

1

y—1 2 2
Maw/ blockage [ 1+ R Maw/ blockage J 1

y—1 2
1+ R 1v[a'w/o blockage

(4)

.. % change =
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Using Maw/ blockage = 1.07, Maw/o blockage = 1.10, and air = 1.4, % change = -2.2%.|
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