
r;i~i~
"" ,... .:J:; ., ,I
..: .~, t:mI

, . I
i)SIR P,:.JD FOC
FiKE ~:::.t.t\'1,CH

•9.f\GANI!-." i·".~N
I\EFtRENCE I.',';\ARY

,:;f1 '\'11=[' ... ifoa
F.R. Note No. 302/57

o DEPARTjiCi~NT OF SCIENTli'IC AND INDUSTRIAL HESEARCH AND ~'Il1E OFFICES' COMMITTEE
... • •.• ,.y....

• JOINT FIFoE RESEARCH ORGfIlITZATION:'"
~~,.~. ..,

'-------\-- ---_ ..._-_._---- ------,
I,

. i . Th:'s report has not been published and
I should be consdde red as confidential advance! Lnf'orma't.i.on , No reference should be made to
, it in any publication without the written
! consent of the Dd.r'ect or-, Pire Resear-ch
I Station, Bor'eham Wood, Her-ts , (Telephone:
I ElStree 1341 and 1797.)
I'-----_._------

SOME j,JEASURENiFlITS ON THE VELOCITIES 01" DROPS IN WATER SPRAYS .

by

G. W. V. Stark

The velocities of drops in water sprays generated by impinging
jet batteries have been measured. The velocities of drops from
0.133·mm to 0.600 mm were substantially independent of the pressure
at the jets and rate of flow, and the relation between drop size
and vc;locity may ge exprc;ssed bya simple equation.
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A. :ne'th6d':fc,r dete~riing':the ve:l.oQitie~ Of drops comprising a water spray
has been c.e';a;r.rl;)ed in' a,recant note ~1)., The present note dosoribes the results.
obtair;odw1th H~'~YS projected ~'m¥mrds from batteries of impinging jets)as
used :in the study of the ax:tinction of kerosine fires by water epraya, . ~2 •

'The influence,of the p,roperties of. the sprays on the drop velooities obtained is
dd.acuaacd, '

1!J1cperimental

The wn'ter sprnya used wer-e prOje~ted downwards from two batteries of
impinging jets' 01' 3/64' in. boz-e, arranged synrnetrioa.llyon either side of the

-axf,a of a 30 em, diaineter cornbustion vessel and 175 em. above the liquid level
in'the vessel. The water pressure at the jets could be varied and the rate of

::flow to theoombustion vcas el, at any seleoted pressure could be. oontrolled by
',::, varyin.,g tho nu:nbC:: of . pairs of impinS~g jots in operation. 1, full dosoription
,-, of' the 'apparatus J.S, gJ.ven elsewhere ~2),. ". . , '. " .' .

" -." 'Drop veloCitios' were measured at a. point, 30, em. abcvo tho liquid level in,
. and on the axis of, the combustion vessel in sprays produced at nozzle
, pressurcs ,of 5{ 10, 30 and 85 Lb/in2, and at flO1V rates of 0.4, 0;6, 0.8 and
1.2 g.om-2mL~-. Not less than three sample9 Qf spray were ooll~oted in the
drop velocity apparatus, des crd.bed els'ewhere ~1), for each of the sixtuen
sprayA. The ve~oQity of the air entrained by eaoh spray .~s,mcriaured at the
sampling point ~2). " , ,

Results

Tho'v,llociti.ea measured with the apparn tus were the "absoluto velocitics"
or'the drops , ,:i.• e. the velooities l:'Jlative to the noaal.c-whdoh is the velocity

.cf 't.',E: a:l-r o t:r:,;a:n (entmined air velocity), plus ,the ,velocities of the drops
, I'ela ti ','0 ,to tho ai.r strerun (relative 'velocity). The entrained air vcloci ty

for'eaoh spray; and the relatiire velocities of drops of different mean '
,diruneters, oorrectodfor deoeLozvi tion in the srunpling a.ppara tus, ,(seo Appemdix)

': arc given in: Table 1. '1,t tho foot of Table 1, the number of samples, N, and
,the numbcz- of drops, n, in each s Lzo group is also given. The drop velocities

,we,re'obtained from the combined" test rasults for each spmy. Two~sets of '
'figures are given ,for the spray at 10 Lb/iri2 and 0.4 gin.om-2min-1, because,

"two sories of tests Here made under different conditions which resulted in
appreciably different entrained air velooities, and the oorreotion applied
'for decelerntion in the sampling appara tus is dependent on the absolute

, 'velooity of the drops.' " ,
. . . "

'AnalYsis of Variance. Effect of pressure and flew rate. For a valid analysis
of variance, the criteria are that the equivalent samples are drawn from
populations of the same variance and the'val.ues of, tho samples arc independcnt
of each 'other. ' Tno first condition was :approximated to by obtaining the mean '

,velocities for each drop size from the first three spray samples for each'lovel
of 'pressure" and floH rate. It "as observed, however, that the velocities of
drops' of different diameters in a 'spray sample were not independent of each
,other, i.c.,the velocities of drops of different diameters in one sample of n
'group of three all tended to deviate in :the same way from the respeotive mean
veloci ties for that grOup,aIid soo, valid: 'analysis of variance for the effeot of
drop size on vel.ocity 'could not' be'made.'

Analyses ofvariarioe .werc: therefore' made on the effect of pressure and flow
r rate on the absolute and relative velocities of the drops ser;arotclyfor each

drop' diruneter frOm '6~133' to 0.'400 irm., the range for "hich comp'lc t o figuros were
available. Tho,da to. onwhiQh, the nna'Iys ca .. were made az-o gdvcn in Table 2, and
the results 'of the ana.lys cs ',in 'Ttible :3., ..... . ,'.

" The effect 'of flow rate on absolute \iclocity was signifiilantto the 5 per
cent level for drops' of' 0.133 'a.rid'0.200IllJl' die." and that of pressure signif­
icant for drops up to 0.333 IIIJI dia. Ne,ither, pressure nor flow rote were
significant in their effect on rela. tive 'drop velocity for any drop size eno.Lyaod,
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Effeo't or' pressure and'·(l.ow-rate'·drops ,larger·th.,\n 0.400 mm diameter.· The
effect of pressure and flow rate on the velocities of drops greater than
0.400 rom diameter could not be estimated by analyses of variance .beeause the
data were :LTI.complete•. No regular'variation of relative velocity with either
rate of flow or pressure was hoivevcr' 'ap'Parent (Table l),.al though the velocity,

.of: 0.600 'Din, 'drops at 85 Lb/in2 'was appreciably' hdghor- than their vclocities at
·lowe·r,pressures and so·.it. was as.sumed.that, as .far as the present experiments

.:·wdre:rconccmcd, the relative velocities'of drops greater than 0.400 mm diareter
i'rore: independent 'of flow ratc arid pr-oasur-o ,

" -.',:

Relation be~7een rel~~ve__drop velocity and drop diameter.' Beoause of the
independence of relative velocity on pr'esauro or flow rato, it YiUS thought
reasonable to sum thc velocities at each pressure and flow rate for each
drop size. The first par-t of Tabla 4 'gives the arithmetic mean of the relative
velcci ti'es. for each sample' for each drop size,V;. after applying. the corrC9t~on

for deoeleration 'in th,,' sampliilg apparatus. It has 'been shown e'l.sewhcro ~1).
that the'humber of drops captured had a direct 'bearing on the accuracy of the

: " cstinnte e'f 'drop velocity 'and thus a more accurate estinnte of velooity on
".' .:'s~g over' different co:Jditions would be obtained by wcighting the. velocities
:,'",,,,,cfof" each sample' for the number of drops captured. This weighted mean V<,;locity

Vn is given in tho second part of Table 4. The standard deviation··for:each
mean velocity is alse given in Table 4, together ydth the standard error and
95 p~r 'cent.' confidence limits of the weighted mean velocity.' .. '

.. ' .
_ '.:\ e The \'reighted mean velocity, \Tn, has been plotted against drop. diameter in

F'l:g~' 1'; A regression analysis on these velocities and zero velocity for zero, ,....
diamat"'r gave the relation below, the firs t two terms of which were highly

.·s'igd:irfc=t.

".
e ,

"
+402D + 319D2

relative velocity, cmVseo.
= drop ddame bcr mm,

v =

where V =
D

" "",' ....

. j.

;·'··:;The'l!9~!_£:£1£'11at..ionof 'relative drop v·elocity. Ia: estimate may be made of
.:. the'relati',re velocities of' vdrops in a spray at a plane below the nozzle by

calculating tho ·final volocityof. single drops falling an equivalent .distance
in still,air (Appendix). curvca.L, 2, 3 and 4 in Fig. 2 show the rehtion
between velooity in a plane 145 em. belorr the point of projection and drop .. '.
diameter for drops, falling downwards in still air, with initial veloci"ties
of' 2300, 1400; 800 and 600 cm/aco , the caLcula tad downwazd velocities· of
projection from the impinging jo't batteries at 85, 30, 10 and 5 Lb/in2 ..
respeotively. From these ourvos , <;he mean thooretiCk'1l velocities, weighted

:r fo'r the number of drops oap tur-od at each pressure, wore cal.cul.a tod.rt'rom- the
oxperdrnon'ta.L data for each drop size and ;>lotted in Fig. 2. The best .. curve
(curve 6) \'IUS drawn for these velocities for drops up to 0.600 mm diameter,
the largest diameter for which an adeqJate nUmber of drops were captured at
all four pressures. The regression curve from Fig. 1, curve 7, and the
95 pCI' cent confidence linuts of the weighted mean velOcity' .'(Tnble··4) for

..:'.':..... each drop ·.diiuneter ';'lld' tho curve for the terminal velocity of drops in still
r -''';'' .air,·Curvc·5, ar-c included ii1 Fig. 2 for·purposes· of comparison•

.' '.::/; .. ~. '::'. i: .' ..... \., .

..

, ..

Vlhen a 'spray cloud is projected into space,. the drops decelerate from their
ini~ial.ve16dty, imparting energy to the nir through which they pass whiyh' _
'appears'riS an ·aircu=ent aasocdabed ydth the spray cloud. It was f'ound t 2 ) fOJ;:'
the system of spray generation used'in ,the . present experiments that the velocity,
of the air current is proportional to tho square root of the flow rate and the
cube root' of the pressure of generation of" the apr-ay ,..

. . - .. .'

.Relative velocit.v. The calcuiated';~lative veldcity ~f. drops, ~rve 6, Fig.2, ...
was less than the directly' aet~rin:ined experimental velocity, curve 7; this
was probably due to over-cstimation of. tho .. distance of :fall.· .. '·Sinoe thero was
an air current nccompanydng the spray, drops' falling 145 em. in space fell a
shorter distarice··rblative to the air Current; 'and thercfore would have had a
higher velooity ·trk'1n :that, ~culated for. 145 c~ fall· in still air.

:.' "

, .

. ;.1.

...
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The =lysi.s ef variance for relative velocity, Table 3, showed that for
drops of up to O.4GO ma, diameter the velocity vms not significnntly dcpcndent
on pressure or rate of flow. Curve 6 shorrs only a amaLll deviation from tenninal
velocHy for drcps of 0.400 mm, diamcter due only to the results for drops
generated at 85 Lb/in2 nozzle pressure, smaller sized drops being at their
tei'minal velocity. Since the terminal velocity of drops is' independent of the
pressure of generation, no Significance of the effect of pressure en this group
of drops would be expected. It has been shovm elsewhere that the nns s median drop
size of a ~p~y from the system used is proportional to the seventh root of the
f'Low ra te ,3); the coalescence of drops producing this effect would be expected
to r oduco the velocity of drops of a given diameter as rate of flow increased.
The effect however would be small and the differences in veloci ty that Ylould bo
so pr-oduced fall within the 95 per cent confidence limits of the rooasured
vclccHies, and therefore woUld not be expected to be found significant.

,'J:'essure would however be expected to influence the velocity of drops
grea';",:' tban 0.400 mm dia., the effect increasing .as drop size increased.
CUr.Yes 1, 2, 3 and 4, Fig. 2, show that'the calculated velocity of drops of
0.467 to 0.800 mm diametcr .wuld not bo cxpected to shm, differences in velooity
between nozzle pressures ef 5 and 10 Lb/in2, their velocities being at, or close,
to, te:md=l values. But a significant increase in velocity would be expeoted
to be found between, pres sures of 10 and 30 Lb/in2 and 30 and 85 Ih/in2 the
increase between 30 and 85 Lb/in2 being the greater. "

fJl estimate has been made of tho range of 95 per cent confidence limits
for deviations in drop velocity at a given pressure for drops of 0.467' to
0.800 mm, dia. from the da ta in Table 1; this:is presented in Tablc 5, together
with the relevant expected range of velccity between pressures of 5 and 85Lb/in2
(curves 1 and 4, Fig. 2). The data indicate that while no differences between
drop velocities at 85 Lb/in2 and lOV7er pressures would be expected to be
significant' for drops of from 0.667 to 0.800 nrn, din., the velocities o.t 85 Lb/in2
for drops of 0.467 to 0.600 mn, din. would be expected to be found signifioantly
greater than their rCf.',?ective velocities 0. t Lower- pressures. HOI'lever~ such a
significant effect 1mS found for 0.600 mm dio.• drops only at 85 Lb/in. This
may have been due to several fo.ctors, the most likely of vihich vrcr-c the small
size of the aampLc , errors in the appara tus , and the effcct of turbulence in the
spray cloud. '

A doto.iled exarninationof the results for the 0.467 and 0.533 mm diameter
drops showed that the low drop velocities at nozzle pressures of 85 Ih/in2 ,7ere
caused by the capture of o.bnormally high numbers of slovl m:lvingdrops in ,one
samp.l,c, and by the capture of 0. single drop of abnornnlly lov'velocity on
another. The former anomalous result may be attributed to turbulence in the

. spray cIoud, and tho latter to the capture of 0. drop falling from the sampling
apparatus" on, to the sampl.e slide. The collection of a larger number'of samples,
and hcncc , a larger number of drops, would be expected to reduce deviations due
to such oaus ca,

It was observed during these experiments that back-spray from the impinging
jets collected on the jet batteries and fell as :targe drops intc the dOl'il1ward
projected spray. The trend observed for the relative velocities of spray drops
of 0.667 to 0.800 mru. to shOlv a decreasing rate of increase.vith drop diameter,
Fig. 1, may therefore have been due to drips of water from the impinging jet
batteries•• Further break-Up of those drops would be oxpc obed to oocur, but
the size of the rosul~~t drops ,~uld still be large, and their velecities low.
The presence of such large drops in the spray oapburod in a sample would
therefore lower the avozago velocity'of their drop 'size.

Absolute veioeity. The absolute velocity of the drops would be expected to
increase as either pressure or flow rate, incrco.sed, because of the dependence
of the velooity of the air current, and also, of the relative velocity of the
drops of dismeters of 0.400 ron or more on pressure and flow rate. The analyses
of varianoe ahowcd such dependence tobe significant for pressure up to
diameter 0.333, and for flow rate for the first two diameters, 0.133, and 0.200nun
only. The mean square column in Tabl" 3 shov'ls that the bulk of the residual
varianoe was associated .iith the relative drop velocity. This residual v8.Y."ience
inoreased v;i th increasing <h'OP cli.ametcZ' and decreasing number of drops in sample s.
resulting in a reduction in significance as drop diameter increased, although 8.
dependence cf absolute drop velocity on pressure rray have existed.
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Conclunions. The measurement of drop velocities in a sproy by the nethod
descr.i.bed-in this note has shown that, for the apparatus and sprays used, the
velocitics relative to tre air current of drops up to 0.600 mn, diameter were
substantially independent of the pressure at the jets and of the now' rate at
the sarrp Hng point, although an increase of velocity as pre s sure increased from
10 to 85 Lb!in2 would be expected. The velocities of drops up to 0.600 mm

di.aIneter may be calculated from thti equation

v = 402D + 319D2 '" 819n3

~~0l;1~~i!R~~. Thanks are due to Miss Goy and Mrs. J. Freer, who assisted
in the courrting and classificat,ion of drops in the spray samples.

, -..
'(oi) F. R. Note No.
(2) F. R. Note No.

, (3) F. R. Note No.

175, 1955. D. J. Rasbash and G.W.V. Stark.
50, 1953. D. J. Rasbash and Z. W. Rogowski.

181, 1955. D. J. Rasbash•

. : ..
~endix

.. ,The decelcration of a falling drop

F ='NOW

Th9 range of drop diameters inve\ltiguted is covered by the interlIEdiate
;" law for deceleration in still air (1 J, from which is obtained

18'571°'6 P y2,t D2
__----'--__ G _

8 CD Y Pg)Q7tl:

frictional force andforcc due to gravity ­

, 7C D3, (Ps-p)
Q, = l.l n_

6 ' '"
'," .

, ' " Mnss x acceleration =
"thercfore

" ,

Vl.4
0. = g - 0.00539 Di":b

From this equation the decrease in velocity of a drop falling a given
dist'ance moy be found for different, initial velocities, the assumption being

'mnde ,that no eveporata.on occurs, ani thc drop size remains constant. In Fig.2
curves 1, 2, 3 and 4 arc the relutions betwo en drop diameter and final velocity

,', for drops falling 145 em, in still air with· initial downward velocities equal
to':',the"calculated,do,mward velocities of spray from the in1Pinging jet batteries
operating ut 85, :fJ, 10 and 5 Lb!in2respectively. In Fig. 3 a family of

, cuI:'v'e's has been plotted of the reduction in velocity, A V , in falling the mean
.. di's:t;rince, '1.5 cm, , in'the sampling apparatus, against the velocity after falling

tha:t"distance, (the mcasurcd velocity V). In applying this cOITection to thc
measured velooitie s, it is thus assumed that tm drops ofa given diameter are
unif'ormly distributed in space.
d.. .

-,

, .. (oj) "Perry. ,Chemical Engineers I Handbook. Me(h,uw Hill Book Co., London.

-.

.,

"

Symbols

LT-2
'. ,"

n
N
1]

Pg
P s

a = accqlerntion,
C ' = drag coefficient, dimnsionless
D,>:.:D_~p,diD.Irote., ' L
F" '= ',frictional force, MLT-2
g "= ,ucccleration due to gravity, LT-2
V '= ': relative drop velocity, LT-1
,y' 'c 'meun relative drop velocity, LT-1
'Vri = man relat~ve drop velocity weighted,

'for"number of drops captured, LT-1
= nUmber' of drops,
= n uniber of samp10s,
= viscosity,
= density of air
= dcnsity of drop.



.._-.- .._--------------.-----~--------------------------

r-----,------.------,------..------------------------------------------------r--------

----------,----------;--------,-------r--------+

--+--~~--+---+---+---+---+----+---+---+---+----\-------I.

....---------4--.-~.-"-- ...""-
F10\1 0.133 0·200 0·267 0·333 O.4J.XJ 0·467 0·5.33 0·600 0.667 0·733 0.800 Entrained

Iressure Rate " Air Velocity
Lb/1n2 g cm':'~ Velocity lio. of tvelocitJ Ho. of lelocit~ lb. of"l'eloci~ roe ~ Velociij;,: Iv. or Veloc.tli1 Ho. 01 101oc~ Ho. d'rvcloc~ lb. oz V'elo~ No. o:f'~eloci~No. afl/elocitJ' I·b. of' cnVs

tri.n-1 cm/s Drops cqls DrO:fl~ c...-ys .Drops cm/s Drops Cf"'./s Drops cr.1/s IDrops OIIVS Drops crJ/s Dr'ops cm/s Drops ccv's Drops cuv'a Drops

166 222
256 183

135 285

354 444
65 34 36

17

52

70

99

157

5

1

647

1258 !
1

1200
2

2

6

551

143
2·

11
366

357

1261
15

6

11
633

576

263
12

19

420

1

250

I

37

16
-91)0+

161
28

21

380

378

329

230

14D

17

50

74

254­

168

39

73

172

147

142

50

81

227

118

185

189

200
212

603

552

304
82

44

0·4 ( 82
(

0.6 -70

5

296

75

67

94

143

200

216

1218
2

1

8

217

1219

1291

2

6

.3

7

451

1221

1285

657
7

8

12

10

137

590

628

323

7

8

15

11

329

375

813
8

258 l 23

110

! 12:'
32

62

14

31

32

264­

234­

415

398

338
49

93

40

105

. 28

235

173

389

91

303

66

152

191

140

190

177

115

44-6
215

116

12.5

190

224

156

14-3

175

155

68
291

857

546

531

625

143

-23

-91

136

159

10

...

\

457 586
90 31.,. .31

261

171~

139

180

1

I

699 II
I 4­
I
i

I
!1096 i

1
1097

6

603
10 9

772

572
5

5

19

695

700

489

29

179 820

.38G 456
58

82 3.3 10

104

2Q4. 59

617 268
260 285 398

178 250 34.8

138 233 421

982

1359

889

1.;.48

131

93

219

137

3618

1943

1480

4D70

98

62

92

201-2

0.4

0·6

0·8

30

."

85 14.8

33

87

9

247

2185

4625

7449

178

112

69

37

103

568

2130

2031

218

147

73

69

80

234

675

1111

24.7

247

13,3

1}4

39

89

298

.335

370

240

130

240

26

22

125

161

539

151

356

159

"J i

56

- 1178

}'1

164­

328

2

2

8

24

1175

11,34

650
2

5
117

1

186

273

227

·301

97
~0138

97
9994

97
5091

97
2200

95
942

62

37"j
50

1($

.35
52

17

31
9

14
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Mean of velocities rrom three:samples

.
360, 335 87 106 185 285 260
538 ,560 -77 .124 - 278' 444 466
281 565 136 125 125 138, 422 - , '

,4BJ ',:-585, ! 180 186 189 283 385
"

, I
Pr-essur-e IRate of Flonl ,"Absolute Velocity, ,Ccm/s)
(lLb/in-2)! g. cm-2rnin- 1 Mean Drop,-Diameter, (rnm)

t I "

r O.133 ~ 0.200 0.267 iO•.333' ~"0.400:

Relative yelocity (cnVs)
M:ean drop diameter (rom)

0.133 0.200 0.267 0.333,0.400

I
, ,

5 0.4 111 191 " 295
, 0.6 20 311 287 '

0.8 175 8 .. 252

I 1.2 216 ~~6' I 311
f'

.. .' 0.4 ' 162 181 260
10 - "0.6 17 218 372

0.8' 279 268 268
10 2 380 386 , , '389

I
j

398, j 609,
347 4137
390", '4£59 I
350! 408

, l "
I.

59 139·
-50 241
76 179

-'59, ,,1.1,9

243 '346 j 557
217 277 417
153' l :291 390
151J. '193 251

. ' .. ~

'. ."..... ..

, ..
"...

", ~ .

..... '.."._'-

. ,...~ .....'':. ,

327
~4
420
582

.510 '.
244.' .
319
392

280
228,
'320
306

'~~'l
271

, 268

219
153
273
260

219
162

.189
163

121 '202
"'56, ",13?

97 221
2 22~

145, 114
30 115

'11}' ,'103
, ':'3 .,. 113

,586: 696
. 592' 517' , .
, 498' "546,'
Z~9' 693

358 I
333
447, i
521 !

, -405
435·
'416

, '46J:.

3!+1
316'
.395
483 '

331 300
303 388
340 330
298" ,414

j 260
1 236

271 I
263

85

0.4

l
0.6.
0.8 '
1.2 .

t----i

l
! ~::--l

0.6 I
I

0;8 ,
, 1.2 I, r

. .
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TABLE 3 ..... '_-

The ef'f'eot of' :r.:.D:~.::...::!.!l...~~~l'_~':5:lUre on velocity of' drops in e. spray
(Velocity cor~ected for deceleration in apparatus!

AH,'lLYSIS OF VARL\NCE

I
i
i
I.': I

Relative Velocity
flJegrees of'lt.!erol[Var:Lance
. freedom .i Seuare ratio

>:20
10

10
120

::iJ.gnuacance
per cent

0.4
3.0

3.1
0.3

5487
530

1754

I 1556
111701
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I
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3
3
9

3
3
9

15
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75090 I
I 16461 I
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15784
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1
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,
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i
i
I
I
I

I
7.6
6.1

1~779

12578
2069

25008.
16549
5267

3
3
9

15

3
3
9

15

Sum of
1seuares

Preasure i 75263
Rate of flarn 49646
Residual ! 47407

I
Total 1172316

Pressure i 47338
Rate of flm7! 37734
Residual I 18625

Total !103697

0.200

0.133

;120
)20

'20
)20

0.5
0;3

0.4
o. 1

. .-' _....-. ~.

.... "...
1097
5512

. 6518

5678
447

15828
1
i

1421

I 761
'2932

3
3
9

3
3
9

15 .

15

3
'3· .
9 .'

15

78490
. 17035

1342
.-1424~5 "1

'160032. r

4262

I
I 2282

26387

32931
329?

I 16536 .-
...... \. 58662 -'

1
10

.' 4·
»20

8.7. I
2.9

.-.. " ....

I 20713 I J.3, ·,·20"
J 84'i0, O. 6 ~20

. '1115355 I. .. i······ .." .
.i ".
J. . I. I _.-" ;....:.,-:: ."': ," .. . "; .-

3
3
9

3
3
9

15

. 15

.19624
, 61,.63

,"-.:,_:-::~--+j-2::+'~lh-'7::---If---'----liI--::--'=--+---=----";+-~=:-+-"""';:---+-~="'""-----4
. 3 i N.,27 10..8

91 5699 I ..
j ! ....

ITotal

Pressur-e 58871
Rate of' f'Low 19388
Resid.ual 20458

Preasure 162139
Rate o? f10\7;25351.. ,.
ResiduaJ.. 138199

I
225689,

0.333

0.400

0.267

Total 98717
I-----'Pr-~·-e~i.:-,; 806m

Rate of flC1\7 13581
Residual . i5'129'1

,
Total '. 14-5482
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TABLE 4

.
The Means nnd Standnrd Deviations of Calculated 'J: c J.c~ive·' Velod';; ie s

, ' -,
" "

,,

-- '-1
Moon Drop :Dinmeter mm

0.13310.200 i 0.267 \0.333\ 0.400 i0.46710.533\ 0.600
! ,o. 667, i 0.733 0.800

. i I

Mean Velocity, V cm/sec. 59.51139.1 171,9 1229.91321.1 1295~0 \63.3 614.81705.91722.~ 904.8.

standard Deviation, em/sec, 364.673.4151.1184.3172.8183.0,127.1 300.3, 296.4 \419.3
i439.

1
, . , I

!
, I, I

Weighted Mean Velocity, V;,Cnv'sec. 101. T 137.3
,
208.8 297.8 1293.91445~0 545.6 704. 5 I7(Ij.7 787.149.2

Standard Deviation, cm/sec. 319.91 378•7 294.748.6 50.8 . 63.0 61.6 91.8 !114.0,165.3 217.4I .
Standard Error, cm/sec. 4.9 5~21 6.4 6.3 ,9.4 ! 12.6 16.5 30.7 54.1! 92.0 98.2

I

95 per cent confidence limits of mean cm!sec.' 9.8 10~31 12.7 12.5 18.71 25.2 33. 0 1 61~7 109.8 ~ 194.0 227.0
, ! , i ,.
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( 'TnblU
I . '. ~

wtt~in'pressurc variation of ~eig~ted mean drop velocit,y Vn

-i
, • I

idence limits for dro s
nun dia.

I : :
I '.
lE;;,;;"st,;;,;ima=:.:.:t;.-:e;,;;:d;,..;;:,St.=.;an;;;;:':.:,;d=o==Lr..;:d;...,;;::e~rr;:;..;o:;,;r:.::s:::-·..;;:and=~c~~:.;;.:.:~....::.:=:.:.:::...::..;:::.....;::~::::.
I . reater than O.
I !

· 'j

· I ; • I ":

.i Mean;'DrqP piamcter, rran .. , ,

• l
I 0.467 O~533 0.600 0,66710.. 733 0.,800

'. '.

istandard~~er~or of· ' : "
"

vithin Ples'sure variation "
",

.cril/s eo) , 25 39, ',6J 94 159 171
, .

•
~ange of '95 per cent· .

,
i.'

...::; •
Onfiden7,e :?irni~~ (~aec) 106 '1'66 .' .~~,' 412 854 1466~ ~ ,

'~ . "

'Maximum ~ect~d Range of" , '"

.' .,

l<elOC1~(~Seo.) 310 520 0, 735.- 310 390 445,
(Curves ~~~~.4, Fig, 6,) : ~; ~.:: . ..'.

~. ,-:. ,
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