10-21 A drop of water in a rain cloud has diameter D
= 30 pum (Fig. P10-21). The air temperature is 25°C, and its
pressure is standard atmospheric pressure. How fast does the
air have to move vertically so that the drop will remain sus-

pended in the air? Answer: 0.0264 m/s
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FIGURE P10-21
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Solution We are to calculate how fast air must move vertically to keep a water
drop suspended 1n the air.

Assumptions 1 The drop 15 spherical 2 The creeping flow approximation s
appropriate.

Properties Forairat T=25°C p = l.lm_kg.-'m} and = 1.849 = 107 ke/'m-s. The
density of the water at = 25°C 15 997.0 kg/'m’.

Analysis Since the drop is sitting still, its downward force must exactly balance
its upward force when the vertical air speed 715 “just night™. The downward force 15
the weight of the particle:

Downward force on the particle: F__=x Dﬁ PrssE (1)

The upward force 15 the aerodyvnamuc drag force acting on the parficle plus the
buoyancy force on the particle. The aerodvnamic drag force 15 obtamned from the
creeping flow drag on a sphere,

3
Upward force on the particle: F_=3mid’D+rx D? g (2

We equate Eqs. 1and 2. 1.e.. Fan = Fip.

3
N

Balance: ;Tﬂﬁ I:: Pt — P | & = 3mulD

and solve for the required air speed I,

-

r-2"(o  _p)
13":‘. |:‘PFEI'D.|.E pﬂr __]-g

(30x10° m)’ - | ,
- ' 1[; 008 0—1.184) kg.-'m3:||[9.31m-"&;‘}=[].[ll2li41m"s
18(1.849=10 kg/m-s) - '

Finally, we must venfy that the Revnolds mumber 1s small enough that the creeping
flow approximation 18 appropriate.

Check of Reynolds mumber:
D (1184 kg/m® |(0.0264 m's)(30x10~ m
Re LulD _ (1184 kgt ) o wie)l )0
i 1.849x10™ kg/m-s

0507

Since Re == 1, The creeping flow approximation is appropriate.

Discussion Motice that although air density does appear 1n the calculation of ) 1t
15 very small compared to the density of water. (If we i1gnore p,; in that calculation,
we get 7= 0.0265 m/'s, an error of less than 0.4%. However, oy is required in the
calculation of Revnolds number — to verify that the creeping flow approximation is
appropriate.



