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t19n ,then when other materials were employed. for the purpose. 

ALUMINUM POWDER. Picture #34 had aluminum-bronze flitters 

as the indicators. ·As.seen in the photographs, the flitters 

tended. to give a broad., blurred. line, which was not desired as 

the path of an individual particle was then very difficult 

to follow. 

The best photographs were taken with aluminum-bronze 

powder, .which was of the connnercial variety produced for use 

as a paint pigment. Since there is a difference in the den­

sity of water and aluminum, observations were mad.e on the rate 

of free fall of the particles in water as a means of deter­

mining the effect of the variation in density. In a freshly 

made mixture,, the particles settle very slowly, but if the 

mixture has been severe.ly shaken for some time, the speed. of 

settling will be increased.. This behavior can be explained 

in the light of Professor Carmichel 1 s observations with 

aluminum powder. Small air bubbles cling to the particles, 

thus reducing their effective density and. decreasing the 

rate of fall. If this is the case, then severe shaking must 

have assisted. in tearing off the air and leaving a particle 

of greater effective density. For the photographic work, all 

injection mixtures were freshly mixed. for each set of pictures. 

The rate of free fall was so small, that the aluminum-bronze 

particles should have followed closely the path of the water. 

An inspection of the photographs of air bubbles and. aluminum­

bronze particles shows that they both iniicate approximately 

the same type of flow; thus from a qualitative viewpoint, the 

cond.i tions were not sensiti:ve to reasonably small d.ensi ty 

variatione. 

The majority of the pictures were taken at a water 
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velo~ity between four and. five feet per second.. At this value, 

. experimental d.ata indicated. the point for the head d.rop versus 

the square of the velocity was on the straight line. Some 

pictures were taken at# lower velocity in order to obtain 

a clearer photograph. #36 and. #40-A refer to the same central 
~ 

assembly arrangement, but the velocity of the latter is approxi-

mately two and. one half times the former. In spite of the 

difference _in velocity, ·the photographs show the same type of 

flow to exist in both oases. A similar result is observed. 

in 143-A and. #80-A where the velocity of the first was over 

three times that of the second.. i~e velocity with the 20/16 

inch d.isks was approximately nine feet per second.. This high 

value was used. as the velocity in the space oetween the disks 

was considerably less than the computed. value. The majority 

of the photographs indicated the method of computing velo-

cities was a fair approximation, particularly for the condition 

of relatively few spacers per disk • 

.PULSATING FLOW. Comparing pictures #36-A and B, it is 

readily observed that the flow downstream from a disk projection 

was not steady with respect to time, hence the phenomenon was 

of a pulsating type. Standard. speed motion pictures were taken 

in an effort to illustrate the transitory nature of the flow. 

The forming, the breaking down, and reforming of the whirls 

is definitely shown in the series of pictures presented. In 

the arrangements with the disks relatively close together, 

the whirls apparently elongated themselves until they filled 

the space between the disks, ani then broke up. This action 

was deciied.ly different from the characteristic flow of whirls 

under free turbulence conditions. As the disks were separated 

further, the whirls elongated ani tended to break away 
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from the projection and. travel a.own.stream similar to the 

Whirls in ~ree-turbulence. The flow phenomena of the 20/16 

inch disks with wide separations were different from these 

illustrated by motion pictures. Thus, in pictures f92-A, 

and. #88A, two distinct whirl regions are shown and at no time 
• • 

did. they elongate to interfere with each other, although 

varying in position in their own spheres of action. ~1he -. 
motion pictures provided an additional check on transitory 

nature of the flow past different central assemblies. 

TYPES OF FLOW. The photographic studies have shown the 

existance of at least two general types of flow. Fig. 29 

presents a sketch showing typical examples of the types of 

flow at different stages in their development. ~he first of 

these is illustrated. by pictures #53-A, #43-B, and #52-A. 

This type involves a surface of discontinuity which approxi-

'mately coincided. with the cylindrical surface enclosing the . 
outside diameter of the disks. Under these conditions the 

through flow approached. the characteristics shown in #84-A 

for a smooth annular space. The second. type of flow is illus­

trated. by photographs *68-B and #69-B. In this group the 

surface 01· discontinuity bent into the space between disks 

after each projection; hence the through velocity relations no 

longer approximated the conditions for flow in smooth an~ular -

spaces. As different types of flow existed, it is pos~ible 

that a ehange in friction loss relations might have taken 

plaoe. Table II presents the central assembly arrangements 

for the upper limit of the first type and the lower limit for 

the second as determined. :from the photographs. l~ese results 

furnished an explanation for the breaks in the curves shown in 
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Figs. ,23 and. 24. A comparison of theta.ble and. the figure 

showed. the break occurred when the type of flow changed; 

hence the :factors determining the friction depended. upon the 

type. of flow existing in the spaces between the disk projections • . 
The 20/16 inch disks were not included in this table because 

pictures available are not sufficient to allow an analysis, 

as the type of flow apparently differs from those discussed.. -DISK THICK.MES~. Since all disks were constructed from 

the same thickness of brass, picture f99-A and f98-B were taken 

as a means of studying the probably effects of increasing the 

disk width. hxperimental data have shown the resistance of 

any arrangement of the d.isks and spacers to be greater than 

that of a smooth central core of a diameter equal to the 

disk diameter. The photographs show only a small variation 

in the velocity distribution along the long surface of the 

disk (!inch spacers in these pictures), and the conditions 

with a smooth core. ~rom an analysis of the photographs and 

the little experi:1ental data available, the thinner the d.isk 

projection (limited by the thickness required for strength), 

the greater will be the friction drop for a given distance 

between disk center-lines. 

Photograph #79-A gives a picture of the flow when the ,, 
heal drop was not proportional to the square of the velocity. 

With this size spacer and. :lisk, the maximl~m head. d.rop was not 

attained even with an arrangement of one iisk per spacer. 

A complete analysis of these arrangements was not ma:~e as they 
-

proved. to be outsid.e the limits o:t application for the majority 

of the work. 



25 

poWNSTREAM CONDITION'S. The downstream conditions are shown 

in pictures #93 to #97 inclusive. f93, #94, and. #95 illustrate 

the complex cond.i tions behind. a single disk. i'he effect of 

the .disturbance produced by the projection extended. downstream 

further than the maximum distance between spacers used. in the 

central assembly arrangements. Hence, the heai drop per disk 

in the arrangements never reached. the value for the head loss 

o:f· a sing'ie disk. .r.;xperimentally, this is shown in b'ig. 24 

in which the curves never reach a constant value. Picture 

'96-A presents the flow conditions corresponiin~ to the curve 

for the six i illch spacers ani 65/64 inch disks given in Fig. 

13. The particles passing the projection bent around. the wake 

until they almost reached. the spacers at the point which roughly 

corresponded. to the first maximum position in Fig. 13. After 

this point, a second disturbance took place which approxi­

mates the action behind a single disk. Thus, if the curve of 

Fig. 13 were extended., it would not form another wave, but 

would reach the maximum and. level off similar to the orifice 

or sudden expansion curves. Picture #97-A illustrates the 

cond.itions of sud.den enlargement when the diameter of the 

core is reduced. Although the curve for sudden enlargement 

in Fig. 13 applies to a change in circular pipe iiameter when 

no core is present, the conditions shown in the photograph 

indicate the pressure relations would be approximately the same 

in both cases. 

VALUE OF PHOTOGRAPHS. The photographs have provided an 

explanation for the discontinuity in the curve of Fig.27 

by illustrating the two types of flow involved in the relations. 

They have shown the characteristics of at least two additional 

types existing outside of the limitations of ~q. [4J • 
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The motion pictures have illustrated the pulsating characteris­

tics of th~· whirls formed in the wake of the disks. Although 

t'.'1e pictures have given excellent qualitative results for the 

requirements of' this investigation, the limits of the photo­

graphic method. have not been reached., as Pro:fessor Carmichel 

·has demonstrated the possibility of obtaining excellent 

pictures for quantitative purposes. 



SUMMARY 

The ~ork of this investigation provides additional 

experimental data regarding turbulent flow, with particular 

reference to the phenomena associated with a long series 

of similar· bodies forming an obstruction to the motion of 

water through a circular pipe. The obstacles were mounted on 

a rod concentric with the pipe in such a manner as to 

allow, the space between them to be varied. Investigation of 

the phenomena followed two gen..-al methods; quantitative 

d~velopment of the relations of the pressure gradient to 

the mean velocity and. qualitative classification of the flow 

by photographs·of small aluminum-bronze particles in the water. 

The equatio: 78{£~; [*- 011
3] ~ ;~, /ff;[~~} ;~J 

expresses the relation between the pressure gradient and the 

velocity in terms of the dimensions of the turbulence tube. 

The d.imensional symbols refer to the turbulence tube meas:ure­

ments indicated. in Fig. 6. This relationship is valid within the 

limits 03-< dR<.0.7. Forjf-D.J .1>0.z4the pressure grad.ient is 
~ LDd Do 

directly proportional to the square of the velocity. The photo-

graphs show two general types of flow within the range of valid­

ity for the equation. At values· off f Ps] 1 <O.3 the through 
<Lot Do 

flow approximates the conditions surrounding a smooth core and. 

when £f0"] j_ is greater, the through flow tends to follow the 
lzLP., 0 0 

characteristic conditions in the wake of a sharp obstruction. 

The pulsating nature of the flow is illustrated. by standard. 

speei motion pictures. 
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e )~HO/SKS .JI" 4 .S.PAC.ERS 
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-Js,oAcER.S 

AG. 25W. POINTS FOR Ras. 23, 24, AND 27. 

Ra. 2.S(b) lbTAL HeAO Loss VERSUS VELOCITY . ..:1~£0. 
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"1RANS/l4/TTED L1G#T 
ONLY USED WITH 
PICTURE..S OF DYE 

ARC LAMP 

WATER BATH CONTAINER 
H"4S PL.ATE GLASS S/DE.S 

1---------------, 
I 

0 /SOO WATT : 
/NCANO£SCENT1 

LAMP I 

I 

I ~ 
: 

MOTOR I 

TO ORI//£ RO"T'ATING 1 

D1s1< ..;-- 01.sx 
1 

L - - --1.r..-J. - : :-: ;:-:.~ ::.-:;G- _ _J 

3_i:_~~ 
,,,,,,,,,,,_~----- --....:.__~ 

WATER BATH 

~ 
~ 
ct ~ 
~ l(j 
""" ~ 
~ ' 

CA/VIERA 

HG. 28, APPARATU.5 FOR PHOTOGRAPHIC .5TUOIE.:i. 

~ 
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!If.DEX OF .PHOTOGRAPHS 

Picture No. Distribution Page 
79A. 13/16" disks 2 _sn spacers 65 4 

SOA 15/16" disks 1-~" spacers 66 43B " 1- " 54 42.A n 2- ff 54 73A " 3- u 63 5 " 4- ff 49 17 " 4- " 49 19 " 4- " 50 21 " 4- " 50 34 " 4- " 51 35 " 4- " 51 36A " 4- tf 52 
36B 11 4- 11 52 37 " 4- " 53 40A ,, 

4- " 53 46A H 8- n 55 
83A " 8- " 66 75A " 10- n 64 

71B 65/64" disks 3-t" spacers 62 
72B " 4- n 63 
76B " 5- If 64 
77B " 6- n 65 

'58A 17/16" disks 2-~" spacers 57 
52A fl 4- n 55 
53B ff 5- " 56 
54A " 6- " 56 
68B " 6- " 61 
69B " 8- ~· 62 
56.A " 10- " 57 

66A l '1 /16 t1 disks 1-..a" spacers 60 4 67A " 2- " 61 
60B " 3- " 58 
6£B 11 4- " 58 
63B " 5- n 59 64B " 6- ti 59 
65B " 8- " 60 

89B 20/16" disks 2 :l ti spacers 69 -~ 90B " 3- " 70 
91A " 4- " 70 
92.A " 8- " 71 

85B 20/16" disks 2-~" spacers 69 86B " 3- " 68 8'7B " 4- rr 68 88.A " 8- " 69 

84.A No disks £n spacers 67 4 98B n ft 74 99A " " 74 



Picture No. 

93A 
94B 
95A 
96A 
97A 
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DO\VNSTRE.AM. CONnITIONS 

Distribution .Page 
. " 

1-20/16'' clisk ~" spacers 71 
l-l 7/l6" disk " 72 
1-15/16'" d.isk n 72 

65/64 n disk 6--}" spacers 73 
65/64" disk (solid) ~" spacer 73 
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7ABL£ J (a) 

NvN?BER ·1 Qq1G1NAL R.cAOtNGsl //£Loc1r1ES 
RuN CJ/SK SPACER OF , 

1 
r ..50VARED TOrAL ErrccnvE 

Nt.tMBER ..0"'4ME7ER i0t4METER SPACERS rLOW . /teAD i CORRccreo H£-AO LENGrH 

/nches inches l.b~. ems. /% r%ecY 
:Ft or /eet'. n?1n. or Hg. ;.5ec. water 

7-0 0.8/Z o.sc .3 132.4 16.43 5.81 .33.0 6.8 3.0.:> 
183.8 Z.5Z 8,07 074- /.3.4 
26Z./ 66.58 //,54- /.34-.Z Z7. .5 

' 2Z6.8 4-.9 54- .9.36 .39.3 zo.4-
9-I 0. 8/Z o..:ro 4- 13.3.8 I 7. 34- 588 

I 
S.3.7 7.Z 3.06 

/85.Z 3388 \ 814 65:8 /4-. 0 
2Z6.8 Sl.03 I 9..96 I .9.9.3 Z/./ 
zzs.z .50.20 I 

:388 I .97. 7 20.7 
I 

Z74.0 74.13 I IZ.03 /46,8 ..30.6 
//-C tl.812. 0 . .50 5 134./ !663 S.89 3.3 . .9 6.3 3.08 

16'4. z 31 7Z 8/0 6S.o /3./ 
Z367 5Z.Z4- 10.40 /08.5 Zl.5 
28Z.0 74.90 IZ.39 155.0 30.9 

59-C 0.8/Z 0 . .50 8 152Z 16. 73 6.69 44.0 6.9 .3. 04 
Z/3.3 3S: 13 9.63 9Z.7 14.5 
Z705 53.54 I /1.8.9 ! /42.5 ZZ.I 
3073 6.9 76 /3,4.9 /84.o Z8.8 

I 
I 

/6.Z /3-£ CJ..937 0.50 .J 1.36.Z, 39.4£> 74S 54.4- 3.06 

/.9/.S 794+ l?.48. IC.9..3' .32.8 
IZ4-.0C 

I 
/J.CC /699 5/.1 237.8 ! 

/5-0 0.937 CJ.so 4- /3S.2. 43.1.9 140 536 17.B .3. 06 

/85:3 8Z41 /01£ 0/ . .9 34.0 

Z.3/.0 /Z9.ZO i 1i::' 63 /60.I 53.3 

.5 14/./ 47.IZ 772. - 58.5 /9.S 3.08 
/7-J 

M~G-
190 . .9 86..98 ' /t/.43 /08.3 33:.9 

Z3Z.O IZ.9.21 ! 1.2. 69 16/. 7 .53.3 

18-£ 0.937 0.50 6 /4/.6 43.9/ 774 587 /8./ 3.03 

185.'3 7.5:90 /O.IZ /0/.9 31.3 

j_____ Z3G.7 L1.e-:_79 /2..9.5 /68..5 .5/. 4-
--·-------+ ------ -- -- ·---··--

lABL£ f(b). 

IVUMBER OP/GINAL.. RcAl71N6 //ELOCIT/ES 
RvN O!Sk SPACER OF S~UAREO mrAL £/"rECTll/E 

NUMBER D1AMErER DIAMETER .5PACER.5 FLOVV /-IEAO CoR.RECrEo H.t:AO LENGTH 

/nche.s /nches /b.5~ . C/n,S. /% f7'%el" /t of /eet. 
'/nta OT /lg. :5e"C. W4ter 

.f/ 0. .937 a.so /0 154.B 4tJ.4o '5.46 7o.5 16.7 .3. 0.9 
Z/6.4 79.41 II .4.5 /40./ 3Z.7 
2!>5:8 111 .. 53 1.3. 99 1.97.o 46.0 

49-a /.O/S tJ . .50 3 /04-.Z. 41. /,5" 6.74 45:4- 17. 0 3.06 
14Z.6 7839 9 . .26 85.8 32 . .3 
17Z.9 //6.45 //.30 IZ7.7 48.I 
ZOl.O !S.9.21 /3.19 174.0 65.7 
114 . .9 50.88 7.44 55.4 Zl.o 

so-13 /015 O.fO 4 1038 -f-8.8/ 7.11 50.6 .e.o./ ·3.07 
l.5J.Z 97.Z7 9 39 99.8 40.I 
/96..3 160.7.S IZ.87 165.6 66.Z 

Sl-t3 l.015 C.5C s //0.6 so.7.G 7. /.5- 5/./ Z0.9 Z.99 
/S43 /00,3Z /0.06 101 . ..e 4/.4 
/.95:4- /61.80 IZ.80 /6.3.8 66.7 

5Z-C 1.01.s 0.50 6 833 27.35 5.3.9 Z9.I //.3 Z . .!J.3 
113.5 50.45 136 54.Z Z0.8 
/38.I 75:44 B.97 BO.S 31.I 
/5.9.I /00.14- 10,.37 /075 4/..3 
/7.9 . .Z ·;z6.80 JI, 70 /36.9 .5Z.3 
199.z 158.18 /.3.04- 170.0 65...3 

·53 /0/5 tJ.50 7 918 31.14- 6-:.9.c. .35. / /2.8 .3. OJ:, 
6Z.Z3 

!5T.3 3.3. 41 /CJ • .Z7 /t/5.S 38.S-
/80 . .S- IZZ.oS //,8/ /..3.9.5 5.::1,4-
zaz.z /54. 78 13.Z.!J- /75.6 63.7 

54- l.tl!S CJ50 8 3/ . .3 Z.9. IZ S:.90 .34.8 IZ.Cl 3.04-
1.7/.B 6/.ZZ. 8.~6 73..Y ,e5;,3 
/60.0 !Jl.33 /CJ.4Z /06'.6 37-7 
184.Z !l.9.8S /.Z.07 /4.5'. 7 4.9.4 
£06.0 15187 /.?..§"<? 18.Z . .3 GZ.6 



76 

M8L£ I {c). 

NVM'B.ER ORIGINAL READINGS l/£LOC/T/£S 
RuN 01sx- ..5PAC.ER OF SQllAREO 70TAL .CFFECrtYE 

NVMBER DIAMETER [o/AM.e"TER SPACERS FLOVV He AD CORRECT£P HEAD LENGTH 

inches /nches /b.5h. Cn?s. f_% f"%ect ft; of feet'. rT//r:'. or h'g. :sec. Wi:TCer 

55 10/..? 050 /0 /01.8 3/.00 6.S9 43.4 IZ.8 2 . .9Z 
1406 59.05 .9.15 83.7 Z4.4 
1720 88.80 ll.Z3 IZ6.I 36.6 
Z00.8 /20.70 !3.1(3 /?3.7 49.8 

56-.A /.0/5 0.50 ;,e 102.8 ZB.70 6.64 4-4./ 11.8 3.08 
104.Z 53.90 91.3 83.4 zz.z 
/69.7 7.9.80 1/.07 /2Z.5 32.9 
/.96.I 106.!5 IZ.84- /64.9 4-3.8 

35-D 1062 0.50 3 97.4 51.oz 7. .37 S'Z.4- Zl.O J.05 
/36.2 /O.Z.87 /t:! . .3/ /03.9 4.Z.4 
17£.8 1674/ /3.08 /69.9 69.0 

37-£ 106Z 0.50 4 37.4 5-".5.9 7.37 5Z.4 ZZ.I . .3.06 
/3/.6 /0/96 9 . .96 96.9 4Z.O 
/68.Z 167.BZ IZ.1.3 /60.3 69./ 

40-.f3 /06Z o.so 5 .93.3 53.GO 706 4;7.9 ZZ.I 3.07 
128.5 /t:!3'..5'Z 9.7.3 9Z.3 42.7 
/63:3 /68.00 /Z.37 /SI.I 69.3 

42-B /06Z cJ.50 E .93.8 5.Z.79 7/C 48.G Zl.8 .3.03 
/30.8 /cJ.3.84 .9 . .90 95.8 42.8 
165.9 167.54 IZ.55 /55.7 69./ 

58 !06Z 050 8 .37. 0 50.41 7.34 52.0 Z0.8 ..3.04-
135.Z 9889 /0.2.5 10.Z.3 40.8 
17.3.0 163.00 1.3.IO 170.I 67.Z 

60 1062 050 10 103.3 5tJ.8Z 1. 7Z. 57.6 ;?/. 0 .3.0.9 
143. 7 99.84 /0.88 /16.0 41.Z 
174./ 143.19 1.3.1.9 17Z.6 6/.5 

61 /06Z 0..50 IZ 11/.3 .5Z50 8.47 69. 7 21.7 .3.07 
/SZ.Z .98 . .5Z //.5Z /.30.6 40.6 
1853 /45.93 /4.0Z. /95.8 6/.6 

TABLE I f:i). 

WVMBER ORIG/NAL RcAOINos l/t:LOC!Tlc S 
M'VN 0/.:JK SPACER Or SQUAR£D lOTAL E,,,.r-ecr1n. 

Wv,..,aER 01AM£7ER OIAMETE/!i' is PACERS Aovv H.cAO COHKECTED #eAO LENGTH 

t--· 1/-x:h.,,s inches l.b%_. C/17.S. /% f~d" ft OT foM-t-. 
'/J71n. or fig. sec. water 

62 /. CJ6.e 0.50 14- 117.6 s-z. 70 <5 • .90 17.I .Zl.7 3./() 
160.0 .98.6/ /Z.11 14.,,..1 40.7 
/8.9.T /.38.14 /4 . .36 57.0 

7.3 IZ49 0.50 I .Z5.8 6/ . .3/ 5.8.3 34.0 ZS.3 
38.0 IZ0.91 8.59 7.3.8 49.8 
46.3 17Z.ZO /0.45 /0.9.Z 70.9 

67 IZ4.9 0.50 z 2S.O 54.59 5..50 30.S zz.s 
35:4 /OZ.26 7.84 61.4- 42.2.. 
41.B /.38. 74- 9.ZB 86./ SJ.I 
46.7 /7/.Z3 /0.37 /tJJ.5 10 . .s 

68 /Z49 0.50 .3 i!S.4 5b.64- 5.61 31.4 23 . .3 .3.06 
3.5:6 106..35 7.88 6Z.O 43.8 
4lJ.1 /.37.00 8.90 79.Z S6.4-
44.6 169.0.9 .9.90 98.0 6.9.7 

69 /Z49 0 . .50 4- 26.6 56.71 S.84 34:1 ZS.4 3.06 
36.4 /afl./.9 8.06 64.9 42.5 
4.e.5 140.4Z 9.4.3 88.9 .57.8 
46.7 /7CJ..i?4 10 . ..37 /0/'.5 70.1 

7Z 1249 0.50 8 2S.3 .Sl.09 3.72. .32.7 .zl. / .3.04 
.37.S /OS./Z 8.4" 71.9 4a3 
43.6 /38.7/ 9.86 97.2 .57.I 
4/.9 170 . .37 10.87 118.Z. 70.2 

B-/.9-8 0.9.37 0.7.S z 114.6 /.9.45 6.Z7 .!l.9 . .3 8.o .3.0t5 
165.Z 40.~ 9.04- 8/.7 IG.!J 
/99.4- 59.87 /Cl.91 //.9. () M-:7 
Z..5'1.Z 80.6Z. /Z.65 /60.0 3.3.Z 
ZS2.8 /0/.00 /.!J.83 1.9/ . ..3 41.7 

,8-/.3-.B 0.937 0.7S .3 /37.0 3/.81 7.50 5.S:I /.3./ -3.0.5 
/89 . ..3 &/.3/ /CJ.37 /0/./ 23.C. 
Z42.Z /00.37 /3.25' /76.6 41.4-
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TAl3L £ I (eJ. 

/VU..MBER OR/6/NAL ~AO/IVGS hELOCITIE:.S HVN Disk .SPACER O,<r S(fl<./ARE:'O /orAL Errccr1y.t. 
fovOM'SER 0/AMETER bMMETER S.PACCRS FLo;-v HEAO C"-"'RECTEO H&AO LENGTH 

/nches inches I .b?,;;: . Cl'ns. .rx; [rf:{ec]"- .ft of' ;feet: n"?ln. of Hg. sec. wqrer 
I 

8-/S-:B C.337 07S \ 4- 14/.B .3/.6Z 775 58.9 13.0 .3.08 
19/ . .9 S8.74 /CJ-4.9 /09.8 24-.Z 
Z5J.O /004Z /3.68 /88.S 41.4-

L3-Z4 0.937 0.75 8 /56.Z Z<;.28 8..55 7.Z.O /0.8 Z . .98 zzo.z SZ.73 /2.04 /45.3 ZI.<!/ 
Z69.5 J.9.$0 /4-74- ..YZ.7 

13-49-B /.0/S 0.7S 3 /08.9 43.88 7.os- 49, 7 /8.1 3.06 
/5.3. 4- 89 . .ze /0.00 /00.0 ..!16.8 
/93.9 14.3./S /Z.70 161.3 5-9.0 

B-so-B /OIS 0.75 4 1078 44.1.9 6 . .98 48.7 /8.Z 3.0<!J 
/S44- 9Z./4 /0. 0/ /0/.4 .38.0 
1.9.G.Z /43.46 IZ . .59 /.58.5 .s.9.z 

8-.5/-.B /0/5 o.7s _, 1/4. 7 44.70 7.4Z SS.I /8.4 3.0Z 
/6/.8 90..3'4- /0.5.7 ///.3 37.Z 
193.3 /37sa /3.06 /70.6 56.7 

8-.5.3-B /O/S 0.75 7 /ZS. 7 4430 8.15 66.4- /8.3 Z . .98 
177.6 83. 7..9 11.60 134-.6 .570 
ZIZ.5 /.<9.35 /3.33 /940 .5"3.4 

B-.3s-c /06Z 0.75 3 93.8 S/.69 /. /0 46.S .21.3 3'07 
/Z8.Z 99.31 9. 71 92./ 4-0.9 
157.9 /5200 /!9S /4cJ.7 62.7 

B-.37-.6 ICJ6Z 0.7.S 4 .9/ s .5Z,Z3 69.3 46.3 .e/.6 3.08 
/Z5.Z. /0/.38 9.48 87,s 41.8 
/.58-0 /GZ.SS //.97 ;4/.Z 67.0 

8-40-8 !06Z 075' 5 !JZ.8 43.76 7o3 47.6 .Zti.5 3.oz 
/.3'/. 8 /Cl.40 991 97./ 4-1.8 
/66./ /61 . .38 /Z . .58 /56.7 66.6 

B-s,g /06Z 0.7S 8 /08.4 5/.45 8.ZI ~S.4 Zl.z.. Z.98 
/4G,3 9S,IO II o.!J 120.6 39.z.. 
/BZ.6 /485.9 13,8Z /90,0 61.Z 

TABLE /(/") 

NuMBER 0.RIGINAL REAOl..VCiS /.'ELOCITIES 
Ru JV OlsK .5PACER OF SQVARED 70rAL. Err£CT!VE 

WOM'BER 0JAMETE.R O!AMETER SPACERS Ao11- /(EAD Cw;>RECTEO HEAD LEN6T# 

/nc'4es inches lb%. Cn?.s. /% f:?fe,l It or feet". 
n-?1n. or 1(9. sec:. Wctt"~r 

8-67 /249 ~7S z 170 . .Z8 .3.0S 
//5,(;,Z 

B-G8 IZ49 0.7S 3 Z4o s8.96 5.4.3 Z.9.4- .(4.3 3.05 
3/. 0 94.21 6 . .96 48.4 38.8 
37. 7 /.383Z. 8.41 7o.7 56.9 
41.9 /72.9Z 9 . .3S 8/'.4 71./ 

.B-69 /249 ~75 4 Z46 .Sb'.33 .?.47 Z9 . .9 Z3.Z 3.08 
33.3 /OZ.BS 74Z- ss-o 4Z.4 
438 174.03 9.70 94:1 71.7 
.?8.G 74-"Z 6.3S 4tJ.3 jtJ,6 
3;7.Z 1zs:so· 8.ZI 67.4 .5/. 7 
413 /.54.90 9.14 83.4- 63.8 

B-70 /Z49 07S 5 zsz .5?;, 30 S.65 31.9 Z3.;;z.. 3.0Z 
34.Z /003/ 7.64- S8.4- 4-/. 3 
396 /34/9 B.77 76.9 ~3 
445 17/.31 988 9;7.6 7tJ.S 

B-71 IZ49 0.7S 6 ,Z44 S4,,cz S.4/ 29.9 2.Z.4- S.08 
.33,9 98.87 7.S7 57..5' 4o.? 
4CJ3 /38.9Z .9 .JO 81.0 .57./ 
4.S: I 17.Z./8 /0.00 100. o ?o.9 

CJ-7.Z /24.9 07S 8 284- ~/O G . .33 4al z+.o Z.98 
380 /00.58 8.48 7/.9 41. 4-
+f:g /38.Z6 9..94- 98.8 56.!J 
5~.4 17Z. 18 //./.9 /LS.Z 70. !J 
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UPPER L1M1r or- riR.sr ff PE LoweR LIMIT OF JeeoNo 7YPE 
SPACERS 

IN.sH P/CrURE ..5PACER.S P/Crl/RE /VVM8El1 .SIZE *,. 7_,A .,, 36 A 4 
I ,, 

z:: ff#" 72 B 4 76 A 5 7" ,., ,, 
78" SLA 4 S.3 B 5 

I ,, 

""'E 
ff'' 

60 B .3 61 A 4 +:' 
-z4BL£ ff LJMITS or CHARAC T£R1sr1c A.ow ffP£S. 


