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V-3, 120th frame

after zero
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frame after zero
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V-5, 135th frame after zero
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V-6, 140th frame

after zero
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V-7, 1l45th frame after zero
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v-8, 150th frame after zero
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V-10, 160th frame after

Zero
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THE WET-BULB TEMPERATURE DEPRESSION

L X IN ]
e dago
LK

The value of a, the relative depression of the wet-bulb temper-
ature is important because the size of drops which may be‘evaporated
depends upon it, through equation (1.1) (see Sect. 3c¢). Penney and

thé present writer have used 0.6 as a reasonable approximation to the

. * .
value of a. Recently, however, Hartmann has used the value of 0.86.

#This appendix was prepared in April, 195k

#G, K, Hartmann, "The Effect of Rain or Fog on Air Blast," NAVORD
‘Report 29hl, 1 Aug. 53.

The §urpose of this appendix 1is to examine critically all assurmptions
made in obtaining the value of a.
Hartmann, in Sect. 21, derives the following equatlon which
may be used to finda = (P -8) (4 )d :
B -t = LER @9) = fy-v)
The meaning of the symbols is as follows:
1ﬁra— = saturated vapor pressure at the droplet surface at

temperature To+2*, in mm Hg.
original ambient temperature,

To
a increase of wet-bulb temperature above T,.

' 4 compression ratio at a given overpressure in the shock.
Pve = VapOr pressure in the air before shock, in mm Hg.

coefficient of conductivity for alr,
latent heat of vaporization for water.
diffusion coefficient.

molecular weight of water, = 18,

gas constant

constant

snock overtemperature.

o
T
D
| 3
A is .5k at Ty= 2989K, as computed by Hartmann, He then assumed

that the original relative humidity in the presence of clouds was 66%,

This enabled him to ottain a as a function of 59' through the use’ of

psychrometric tables. Forzyzoetwean 53 &rd }QO C, the value obtained

for @ was approximatelv .gét_
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He states that the vilues; 'n'xarz <0 are sensitive to the assump-

ﬁ
=== 3%. seo ‘Q

tion made as to the initia.l relative humidity, but does not justify his |
unusual choice of 66% relative humidity. Furthermore, he does not
mention that the values of a are also sensitive to the assumption as
to the initial temperature. He haé_ chosen a rather high ambiant
temperature of 77°E, which 1s certainly not representative of atmospheric

conditions under which one might expect this type of woépon to be

used,

We have studied the relati;an between? and 2™ when more reasonable
assumptions are made as to the initial conditions and find that the
value of 0,6 used by Penney and the present writer is both more con-
servative and moi‘e riearly correcto’ |

IAn our procedure,' the equation given above was separated into

functions of? and 75' alone with the following results:
-f..__ }7'9 (J»fnw‘ﬁ‘f)) @ § <0

The values of @ and § have been plotted on Fig, VI-1 as a
function of % and CP . To obtain the value of (@ - 27°), one'
choses a value of CP , and finds the corre'spohding value of § N
The equal value of @ is found from the graph, and the corresponding
value of 2% is read off.

Fig VI-1 is based on the sa‘nvue assumptions which Hartmann made,
namgly,' an amblient temperature of 77°F.o The curve }; is based on
an assumed initial relative humldity of 66%. The curve @;fn an

initial relative humidity of 100%,
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50°C, corresponding to an overpressure of about O to 10 psi. This

comes about because in regions of higher overbressure, }or atomic bombs,
the drops will be completely evaporated no matter whether a is o6 or ;9.
Furthermore, ég§h drop while evaporatiéé, eventually goes through this
region .of overpressure and temperature 3s the shock moves by,

One table'oﬁ Fig'Vi-l ah;g’represiatative value of a obtained
in the region of 2 i_#B psi. The values of a agree, ﬁithin the precision
of the present mathod, with the values obtained by Hartmann for 19'1933
than 10°, The value of a for higher valuss of v and<¥> is of academic
interest onlybfbr thigbproblem. As we have mentioned aboye, whit counts
is the value‘of a in the region of 0- 10 psi. These values of a were
obtalned considering that the initial relative humidity is 66%, This,
according to oﬁr philosoply, is not a conservative assumption. Further-
more, it 1s not a plausible one either. Except in very special circum-
stanoes,-it is well known that the relative humidity in the air in
" clouds is 100%, and sometimes, 1t is greateri -

Therefore, the values of & obtained from the assumption of 106%
relative humidity before shock are more conservative and more likely,
Using the curve labolled—_é we find a value of approximately 0,66,

Now let us see, what effect there may be in assuming a lower, and
consequently, more likély ambient temperatufe, Fig, VI-2 has bpen derived

on the basis of a 5°C (L1°F) initial temperature, and 100% relative

| "humidity. As may be seen from the table on Fig VI.2, these assumptions."
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What value of @ should now be used? Considering the result at
ambient temperatures of 77° and bloF, with the most plausible assumption
that the initial relative humidity is 100%, the value of 0.6 is a

much better figure than 0,86, Furthermore, 0.6 is none too conservative,
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Computation from Fig VI-1:

a, Assumingf = i

@ e as(9-0 P!
=1° - Oo6 1.06
15 + 1,2 92
20 ics .82
25 ’ 00 '083
30 5.5 .82
35 7.1 .80
Lo 8.6 018

b. Assumingé‘- _Z.

[+ 6 a

10 3.5 65
15 5-5 063
20 6.8 .66
25 8.4 .66
30 10,0 .66
Lo 12,2 0o 70

Computation from Fig VI.2

@ 9 , o

S 2.4 052
10 o6 N
20.5 10,0 51
32,3 15 .53
38,0 17 055
Lo 17.7 .56
L5 19.h 57
50 21,2 .58

Fig VI8 Computation of a,
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