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One-Dimensional Numerical Simulation of Convection Cloud
Hu Chung-Ying
Abstract

In this thesis the steady-state one dimensional cumulus model dy Weinstein-Davis (1968
) is further examined. It has been found that the result of cloud water content calculated by
that model does not satisfy the cloud microphysical process, namely, there is an increase of
cloud water content converted from hydrometeor water by negative collection process when
the terminal velocity of hydrometeor water is greater than updraft velocity. The model is
modified to eliminate such unreal increase of cloud water content. The modified model is a-
pplied to calculate all variables in the cloud layer and rainfall amount at cloud base, Final-
ly, the modified model has been applied to I.G.Y. soundings to determine the seeding po-
tential in terms of cloud growth and precipitation production. It has been found that wheu
the atmosphere is conditionally unstable and with sufficient strength of updraft current, the
middle size cloud should be used for testing, because artificial ice nuclei in these clouds can
trigger freesing which would never have occurred naturally.
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Fig. 1 Temperature profile computed from modified model on April 2,
, 1971, in Tao Yuan
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Fig.2 Profiles of vertical velocity, mi%ing ratio of cloud water and hydrometeor

water computed from modified model on April 2, 1972, in Tao Yuvan
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ME4 B2AMERERE Weinstein-Davis’
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o LM} (°C) | (min) | (inch) | (m) | (°C) | (mb) |

20/R| .20 | -25 | 7.21| .002| 2687 | 7.25|738.38| 1 entrainment rate

.20/R .20 -8 7.21 0021 2687 | 7.26!738.38| 2 cloud base radius (km)
.20/R | .50 -25 6.01 | .064| 3287 5.16|686.58| 3 freezlng temp. (°C)
.20/R .50 -8 6.01 .064 3287 5.16 | 686.58 | 4 duration of precipitation
20/R | 1.00 -25 | 14°91| .258 | 4287 | -18.29 | 433.83 (mm)

20/R | 1.00 -8 20.50 .332 4287 | -23.20 { 389.39 | 5 amount of precipi tation
.20/R | 2.00 -25 | 22.64| 1.153| 8287 |-21.93 | 320.90 (inch)

20/R | 2,00 -8 23.65 | 1.392 | 10087 | -33.91 | 217.99 | 6 cloud top(m)

20/R ) 5.00 -25 29.73 | 2.012 | 12887 | -59.55 | 182.03 | 7 cloud top temp. (°C)
20/R | 5.00 -8 29.74 | 1.983 | 12887 ,’ -60.01 | 182.03 | 8 cloud top pressure (mb)
.00/R | 5.00 -25 | 33.56 | 2.325| 14687 | ~65.79 | 145.01

.0C/R | 5.00 -8 33.57 | 2.472 | 14687 | -65.46 | 145.01

Table 1. Computational result of convection cloud in Tao Yuan
at 08 GMT April 2, 1971 (modified model)
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Fig.4 Profiles of vertical velocity, mixing ratio of cloud water and hydrometeor
water computed from Weinstein-Davis's model on April 2, 1971, in Tao Yuan
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Fig.3 Temperature profile computed from Weinstein-Davis’s model

on April 2, 1971, in Tao Yuan
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1 2 3 4 5 6 7 8
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(km) | (°C) | (min) | (inch) | (m) | (°C) | (mb)

.20/R .20 ~25 7.41 .002 2687 7.27 | 738.38 | 1 entrainment rate

.20/R .20 -8 7.41 .002 2687 7.27 | 738.38 | 2 cloudbase raeius (km)
.20/R .50 -25 6.01 .064 3287 5.16 | 686.58 | 3 freezing tewp. (°C)
.20/R .50 -8 6.01 .064 3287 4.16 | 686.58 | 4 duration of precipitation
.20/R | 1.00 -25 .00 .139 4287 .67 | 606.98 (mm)

.20/R | 1.00 -8 .00 .139 4287 .67 | 606,98 | 5 amount of precipi

.20/R | 2,00 =25 .00} 1.025 8287 1 -26.11 | 348.71 | 6 cloud top (m)

.20/R i 2.00 -8 23.77 1 1.392 | 10087 | -38.91 | 277.99 | 7 oloud top temp. (°C)
.20/R | 5.00 ~-25 29.73 | 2.012 | 12887 | -59.55 | 182.03 | 8 cloud top pressure (mb)
.20/R | 5.00 -8 29.74 | 1.988 | 12887 | -60,01 | 182.03

.00/R | 5.00 -25 33.56 1 2.325 | 14687 | -65.79 | 145.01

.00/R | 5.00 -8 33.57 | 2.283 | 14687 | -65.46 | 145.01

Table 2. Computational result of convection cloud in Tao Yuan at 08 GMT April

2, 1971 (Weinstein-Davis’s model)
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6 A10H[1.0 34.7 | 41.9 reasing
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0.2 0 0 0.2 .0 .0
0.5 .0 .0 0.5 .0 0
7 B270{1.0 43.1 9.6 789p\1.0 28.1 60.5
2.0 14.2 -1.6 2.0 -5.5 -5.9
5.0 -1.4 .0 2.0 .0 -1.5
0.2 .0 .0 0.2 .0 .0
0.5 .0 .0 0.5 .0 .0
8 A26H11.0 3.6 66.0 7 B30g(1.0 13.6 | 185.0
2.0 -8.5 | -10.5 2.0 .0 0
5.0 -1.2 -2.8 5.0 0 .0
0.2 .0 .0 0.2 .0 .0
0.5 .0 .0 0.5 .0 0
123218[1.0 .0 .0 8 B14p1.0 .0 27.2
2.0 .0 .0 2.0 .0 -2.7
5.0 3.8 4.5 5.0 .0 .0
Table 3. Computational result of convection 0.2 .0 .0
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Cals - 1. . .
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Fig.5 Comparison between observation and prediction of cloud top

and precipitation of cumulus cloud. The predicted values

are obtained by the calculation of Weinstein-Davis’s model.
The ohserved values are chosen from the observed data of E. J. Smith.
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