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A Study on the Development of One-Dimensional Time
— Dependent Cumulus Cloud Model
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Abstract

A one dimensional cumulus cloud model has been developed to investigate the size
distribution of hydrometeors at different heights and at different stages of cloud
development. The model results show that the exponential distribution of droplet
radius that was employed by many investigators can misinterpret the cloud dynamic
fields during the life cycle of cumulus cloud. The results also show the bimodal
distribution of cloud water mixing ratios at 23 gm and 645 xm in radius at 45 minutes
of simulation time. The developed model can be applied in future on the parameteriza-
tion of cloud microphysical processes and air pollution models.
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Fig. 1. Schematic diagram for cumulus dynamics.
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Table 1. Size categories of hydrometeors.
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Hydrome- Bin Radius Terminal Velocity
teor Type Number (xm) (cm/sec) at 1000 mb
Cloud 1 1.0000 0.0134
2 1.5874 0.0328
3 2.5198 0.0810
4 4.0000 0.2014
5 6.3496 0.5034
6 10.0794 1.2488
7 16.0000 3.1174
8 25.3984 7.6599
Rain 9 40.3175 17.8602
10 64.0000 38.1016
11 101.5937 73.3345
12 161.2699 129.1483
13 256.0000 214.6476
14 406.3746 343.4653
15 645.0798 508.0849
16 1023.9998 688.6112
17 1625.4679 868.3795
18 2580.3179  955.0560
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Table 2. Initial soundings chosen for the present
computations.

Air Pre- Air Tem- Relative Hu-
ssure (mb) perature (C) midity (%)
1000.0 29.0 80.0
900.0 20.0 95.0
850.0 16.2 92.5
700.0 5.5 90.0
600.0 - 0.5 80.0
500.0 - 5.0 75.0
400.0 0.0 60.0
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Fig. 2. General flow diagram for the program.
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Fig. 3. Temporal and spatial variation of cloud
water mixing ratios in g/kg.
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Fig. 4. Temporal and spatial variation of rain
water mixing ratios in g/kg.
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