comp 15

The orientation of a hole can make a difference. Consider holes A and B in the figure below which are
identical but reversed. For the given air properties on either side, compute the mass flow rate through each
hole and explain why they are different.

po =150 kPa (abs)

AW

Ppoack = 100 kPa (abs)

Page 1 of 3



comp 15

SOLUTION:

First consider flow through hole B which can be considered a converging nozzle. First check to see if the
flow is choked.

pp _100KPa 0.6667 > £— =0.5283 = The flow is not choked. (Note that jair = 1.4.) (1)
po 150 kPa Do

The mass flow rate can be found from the conditions at the hole exit.

m=ppVpdg ()
where
1
-1 -7
PE = Po (1 +77Mai~) 3)
Po
=1 4
£o R, “4)
_ =2
P _Pp _[1, 71 lMaZ ’ (5)
E
Py Po 2
Vg =Mag\yRT, (6)
-1
-1
T, =T0(1+77Ma§j (7
Using the given data:
y = 14
R = 287J/(kgK)
po = 150e3 Pa
To = 20°C=293K
pe = 100e3 Pa (Note that since the exit flow is subsonic, pr = ps.)
Ar = 0.2 cm?=2.0e-5m?
Mag= 0.784
m = 1.784 kg/m’
pe = 1.335kg/m’
Tr = 261K
Ve = 254m/s

i, = 6.78¢-3 kg/s{
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Now consider hole A which can be modeled as a converging-diverging nozzle. Check to see what ps/po
ratio will result in choked flow (case 3 in the figure below).

Plpos
1
! : : 2
Z . 3
. : : 5
plpo frmmmmmomoes S 6
| M7
1 | 4
| i 8
1 1 > x
throat exit
I S
Ap i 1+ 2 Maz 0 |
poit _ Ay 1 2 TRl o Magen = 043 (8)
A Ay Mag 1+ VT_
using Az = 0.3 cm? and A7 = 0.2 cm?.
i
. — 1- .
e e ©)
Po 2 Po

For the given situation, ps/po = 0.6667 (refer to Eq. (1)) < pecrit/po = 0.8805 so the flow for hole A must be
choked! The mass flow rate through the hole can be found using the (sonic) conditions at the throat.

h=p,V, A, (10)
where
Pr=p =Py 1+T =0.6339 (using juir=1.4) (11
_Po (12)
Po RT,
r
— 1=
P_E:P_B:(lﬂ_lMag) ’ (13)
Po Po
Ve=c =\yRT" (14)
-1
T =T, (IJT_IJ =0.8333 (15)

Using the given data:
Ar = 0.2 cm?=2.0e-5m?
o = 1131 kgm®
T" = 2442K
Vr = 313.2m/s

", = 7.08¢-3 kg/s{

The different mass flow rates through holes A and B are because the flow through hole A is choked (the
hole acts as a converging-diverging nozzle) while through hole B the flow is not choked (the hole acts as a
converging nozzle).
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