CHAPTER (13)
FLOW MEASUREMENTS

HOMEWORK (5)

13.4,13.10,13.26, 13.40




Homework (13.4)

Situation: A stagnation tube (d = 2 mm) 18 used to measure air speed (1" = 12 m/s).

Find: Deflection on a water manometer: Ah

Properties: For air, v = 1.4 x 107 m?/s.

Preszure drop calculation
Bernoulh equation applied to a stagnation tube

Ap = pl"?/2

Ideal gas law

P
RT
98, 000
287 x (273 + 10)

1.21kg/ m”

9810AR
1.21 % 12%/2

888 x 10 m
288 mm




Homework (13.10)

0.0 2.0
Note: 0.1 72 3.0 117

Taken from the wall 0.2 79 4.0 122
(r) Should always be 0.4 {8 5.0 126
_taken from the center 0.6 93 6.0 129
1.0 100 7.0 132
1.5 106 8.0 135

*Distance from pipe wall, in.
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Homework (13.10)

PROBLEM 13.10

Situation: Velocity data 1n a 16 inch circular air duct are ziven n the problem
statement.

p=143pza, T =70 °F

Find: (a) Flow rate: () n cfs and efm.

(b) Ratio of maximum to mean velocity.

(c) Whether the flow 13 lammar or turbulent.
(d) Mass flow rate: m.

| APPROACH I

Perform numerical integration to find flow rate (¢)). Apply the ideal gas law to
calculate density. Find mass flow rate using m = p().
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| ANALYSIS I

Numerical integration

y(in) r(n) V(ft/s) 2arV(ft?/s) area (ft"/s)
0.0 5.0 0 0

d=16 in 0.1 79 72 2078 1.24 i
02 78 79 3296 95g LlOtE:

------------------------------- 04 7.6 88 320.2 5.61 (y) Taken from the wall
A [r o6 74 03 360.3 5.92
1.0 70 100 366.5 12.11 () Should always be
1.5 6.5 106 360.8 15.15
50 60 110 245 6 1479 taken from the center
3.0 5.0 117 306.3 27.16
4.0 4.0 122 2555 2341
5.0 3.0 126 1979 1889
6.0 2.0 129 1351 13.88
7.0 1.0 132 69 4 8.5l
8.0 0.0 135 0 2.88
Summing values in the last column of the above table gives|Q = 152.1 ft*/s = 9124 cfm

Flow rate equation
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n'r "r
I‘I ma}:f'ri mean

which suggests
Ideal gas law

Flow rate

Q/A
152.1/(0.785(1.33)")
109 ft/s

135/109

1.24

turbulent flow |

P

RT

(14.3) (144)
(53.3) (530)

0.0728 Ibm/ft"

= pR
= 0.0728(152.1)

11.1 Ibm/s




Homework (13.26) l
—> <— b0 cm
60 kPa
‘Vertical 1
“ )
59 2=
J L 50 kPa
JC )¢
/ )
b N

PROBLEM 13.26

Situation: Water flows through the orifice (vertical orentation) shown in the text-

book. D =50cem, d =10 em, Ap = 10 kPa, Az =30 em.
Find: Flow rate: ()

| APPROACH I

Find i and Ah; then apply the orfice equation to find the discharge ().




| ANALYSIS I

Piezometric head

Ah = (p1/v+ 21) — (pa/7 + 22)
Ap/~v+ Az

10.000/9, 790 - 0.3

= 1321 m of water

Find parameters needed to apply Fig. 13.13

d/ D = 10/50 = 0.20
Rey ;‘_d
= 2908h—
K VRIS
= /2 x 981 x 1321 01
B - ' ' 10—¢
= 5.091 x 10°
From Fig. 13.13
K =0.60
Onfice equation
@ = KA\ 2gAh

= 0.60 x (7/4) = (0.1)*/2 < 9.81 x 1.321

= [0.0240 m?/s




Homework (13.40)

PROBLEM 13 40

Situation: Water (50 °F) flows through a vertical ventun meter. Ap=6.2 pa1, d =6
in, D=12in, v=14x107 ft*/s

Find: Discharge: ()




| ANALYSIS I

Thus

Find K

So Iv =1.02.
Ventur equation

Ap=620ps1 =62 x 144 psf

Ah=620x144/624 =143 ft

Red d
? = \fggﬂh—

L/

6/12
= VZx322x 143 —
verases (1_4:;:: lﬂ—f')

= 10.8 % 10°

= K A;\/29AR
= 1.02x (7/4) x (6/12)*v2 x 322 x 14.3
() = 6.08 ct=

0. IVIU = AU




THE END
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