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Quiz 9.

The drag, D, on a sphere moving in a fluid can be expressed as D
=f(d,V,p,1t) where d is the spear diameter, V is the sphere veloci-

ty, pand u are respectively the density and viscosity of the fluid. oy,
(a) Develop a suitable set of pi terms by using the d, V, and p as

the repeating variables. (b) Drag D = 10 N for a sphere, with a di-

ameter d =5 cm, moving at V =4 m/s in water. For a balloon

with d =1 m diameter rising in air, determine the velocity V and d

the drag D, if the pi terms in (a) are same for both the sphere and

the balloon. D=f(dV,p,K)
(For water, p=999 kg/m? and H=1.12X% 10 N-s/m?; For air, p=

1.23 kg/m® and = 1.79 x 10®° N-s/m?)

Solution:

(a) From the pi theorem, 5 -3 = 2 pi terms required.

My =u-p%-Vb.gc
(MLIT=Y)Y(ML™3)*(LT )P (L)¢ = M°LOTO

u
I, =— i
1 v (+3 points)

l,=D-p* - Vb.4c
(MLT=2)(ML™3)*(LT~YH)P(L)¢ = M°LOT®
D

M=

(+3 points)

(b) Let S: sphere and B: balloon
For I1;,

(va), = (5va),

o G
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_ (999kg/m*\ (1.79 x 107> N - s/m? (0.05 m) (4 m) _, el
- \1.23kg/m3/\1.12x 103N -s/m2 /\ 1m s/ s

For II,,

(e, = o)
pvzdz/, \pV2d2/,
e\ (Ve\” (s 2
pe= () 5) (3 2
g ps/ \Vs ds s

_ (123kg/m?\ (2.6 m/s 2 1m \2 )
B (999 kg/m3>< 4 m/s ) (0_05 m) (I0N) =2.1N

(+2 points)

(+2 points)
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