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,,V-4, 130th frame after zero
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V-5,135thframe after zero
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v-6, lkOth frame after zero
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V-7, 145th frame after zero
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V-8, 150th frame after zero
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The value of u, ihe relativedepressionof the wet-bulbtemper.

at~e is importantbecause.the size of dropswhichmay be evaporated

depends upon it, through ecmation (1.1) (see Sect. 3c). Penney and

the present writer have used 0.6 as a reasonableapproximationto the

valueof a. Recently,however,Hartmann*has usedthe value of 0.96.

—— —.

‘This appendix was prepared in April, 19%

+W. K, Hartmann, l~TheEffect of Rain or Fog on Air Blast,n NAVORD
-Report29bh, 1 Aug. 53.

The purpose of this appendix is to examine critically all assumptions

made in obtaining the value of a.

may

The

Hartmann, in Sect. 21, derives the followjng equation which

be used to find a = (q-@) (@j’:

of the symbolsis as follows:

saturated vapor
2?
ressure at the droplet surface at

temperature To+ , in mm Hg.
original ambient temperature.
increase of wet-bulb temperature above To.
compression ratio at a given overpressure in the shock,
vapor prl:ssurein the air before shock, in mm Hg.l
coefficient of conductivity for air.
latent heat of vaporization for water.
diffusion coefficient.
molecular weight of water, = 1?.
gas constant
constant
shock overtemperature.

A is .SL “atTo= 29?°K, as computed by Hartmann. He then assumed

that the oriflinalrelative humid= in the presence of clouds was 66%.—. .— .—

This enabled him to obtain a as a function of & , through the use’of.—
●ow ●** ●=

psychometric tables. For$~eY~e~q @ &d ~~ C, the valueobtained
..-. -.. ●*9 ●9.=.9 ●-W .=

for a was approximately .36.. ... . - . ...... .,●--- . .
<-.[,~ - =-. -. ....—..---

--------...Z
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“+-He statesthat the v&e~ n~ar%m$ 0 ~a~esensitiveto the assump-
=.*S * -D=:08*9U*

tion made as to the initi~ ~ela~lvehumidity,but doesnot justifyhis

unusualchoice of 66% relativehumidity. *thermore, he does not

nmtion that the valuesof a are also sensitiveto the assumptionas

to the initial temperature.He haschosen a ratherhigh ambient

temperatureof 77°1?$ whichis oertainlynot representativeof atmspherlc

conditionsunderwhichone mightexpectthistype of weaponto be

used.
,.

We have studiedthe relationbetween~and$when morereasonable

assumptionsare madeas to the initialconditionsand findthat the

value of 006 usedby Penney&d the presentwriteris both more con- -

servativeand more nearlycorrect.

In our procedure, the equationgivenabovewas separatedinto

9fimctionsof and9 alonewith the followingresults$

The valuesof @ and 3 have beenplottedon Fig.VI-1 as a

functionof @ and ~ . To obtainthe valueof (~ . 2?-), one‘

$
chosesa valueof ~ , and findsthe correspondingvalueof ●

.

The equalvalueof @ is foundfromthe”graph,and the corresponding

valueof & is read off.

Fig VI-1 is basedon the sameassumptionswhich Hartmann ~de,

namely,an ambienttemperatureof 77°Fo The curveT , is based on

an assumedinitiai relativehumidityof 66%. The curw ~ ~fn an, ,

initialrelativehumidityof 100%o

,;

. “m. . ● *- ● O* WV
. . ...9 =-0

~=. .
. . . . . . . . ::

e-,”. ..9.
> . . ..0 --- ● . . . . . -.

\



SO°C,correspondi~to an overpressureof aboutO to 10 psi,.This

comesaboutbecauseIn regionsof higheroverpressure,for atomicbombs$

the dropswill be completelyevaporatedno matterwhethera is 06 or 090

Furthermore,euh dropwhileevaporatinjj,eventuallygoes throughthis

regionof overpressuraand temeratme a~ the shockmovesby~
. .,.

One table on F1.g~-l shy repres@htativevalueof a obtained,.—.
in the region of 2 ~~.psi. The valuesof a agree,withinthe precision

of the presentmethod~=”withthe valuesobtainedby Hartmannfor @ less

than 10°. The valueof a for highervalu$sof U and? is of academic

interestonly,forthis problem. As we have mentioned above, what counts

is the valueof a in the regionof 0- 10 psi. Thesevaluesof a were

obtainedconsideringthat the initialrelativehumidityis 66%0 This,

accordingto our philosopjcy,is’nota conservativeassumption,Further-
,

nmre,it is not a plawible one either. Exceptin very specialoircum-

stanoes,it is well knownthatthe relativehumidityin the air in

cloudsis 100%,and somstimes~it is greater~

Therefore, the values ofa obtained from the assumption of100~

relativehumidity before shock are more conservative and more likelye

Usingthe curvelabelled“z ~$ we finda valueof apprulmtely 0.66.

Now let us see,what effecttheremay be in assuminga lo,wr,and

oonsequentlyOmore lik~ly ambient temperattieo Fig. VI-2 has been derived

on the basisof a ~C (~°F) Inlti.al temperature, and 100~ relative

humidity. As my be seen from the tableon Fig VI-2,theseassumptions. ‘-



lead to a value of a of between .51 and .58 in the regionof O-10 psi.

What value of a should now be used? Considering the result at

ambienttemperaturesof 77° and lil°F,with the mostplausibleassumption

that the initial relative humidityis 100%,

muchbetter figure than 0086. Furthermore,

. . . . . ● OB ● 00 90

. ...9 --.
--- . . . .

. . . . . . e..

.
. . .:s1.. ●:* :-* :*.

the value of 0.6 is a

0.6 is nonetoo conservative.
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Computation from Fig VI-1:

a. ASsumingl -$

a
15

20
25
30
35
ho

- 006
+ 102

1

.5

5:;

7.1
806

b. IAssuting =

1.06
.92
.82
.83
.82
.80
.78

0

10 3.5 ,65
15 5.5 .63
20 6*8 .66
25 8.L .66
30 10.0 ,66
35 U*3 .675
1-1o 1202 ●,70

Computation fioml?ig VI-2

9 a

5 2c4 052
10 he6 ;$
20.5 10.0
3203 15 .!53
3800 17 ;~~
40 17.7
;; 19.4 *57

2’1,2 .58

Fig VI* Computation of a,
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