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For· · vef' l ;yeah 1\ hu tm t.h«i ®air · Qt the p %'aionno1 ot <t Vii',e1n1a 

Polyt.ec ic ln'.Jtl t.1.rttt !c~~l in ttritlg Dep . ~ t.Q includ amona 
1.t• h;dr& li" 

Ta.t"iOUS liq1d. e 

p:paratua to- · to 

e:r VlU")Tiriji condit1 • It 

auch. an ppa.r tua voUld. atly enhw.1ce th HydJ"~ulie$ at.oey by pro'V'id-

t~ e t ·ud.0nt;a with deoptW e~sto.nding t the flow charaet~tice ot 
l.iquidl . 

fmll~r.k:tng upon the $1p ol th &ppaJ"•t e it :1. h$ceaea.r1 to in• 

vo•tt&ate he beh vior ot U· Uid.1 rl.o.mna through piptt • Flow through en-

cloud ch neu ~ toll.ow eithe?I the ~t.tettl ot ~:r Ilw if t.l:u~ v&locit.y 

or turbul:tnt flow 1!' th 'f'eloel.t1 is b.i4h. nar :t'lov ~ be b~et 

vla _ li~ed b7 inking of Ula liquid ~ 0eing e up ot ~ coMantric C7* 

tinders lit.U.ng ea<::h itbi1 t.ho <>th.er. Tho out.en.oat. ~Yltl' t nda to &dh•JN 

to the pipe wa.lla a:&J for purqly theorfl\i($al pu POl\'JS may mo 40!' idered ata ... 

t1on.e.t";. The 1nne~ t. cylinder# h.owe'ftr, •O"fq ~ a ma.~ ve.1Geit1 and 

all 1.ntew~ming la,_• at a. 111100.lty proport1oMl to their dist.a.no tr¢ra t~ 

center cylinder. ln the 4&.lie of turb\i.lent 1'.lcw -&he o:N~rly ton. tit:Al ifl 

brt1bn, Md Gn)' ~dies a::re pres~nt in th., 1-iP~ .. 

A very- graphic pictiu:re of tb 1tumomena ot ~r and \t.i.l"t1Ulent. .rlc.'11..>t" 

no p.re..mted in 1°9.3 by Pro!tl' sor O&'b.o..-ne Re3n~lds in bi4 cla.$~le o~ et'i.'l<oot., 

Professor 'Reynolds iinj~et~ a S!."iall mre~ of colored llti:uid ~U;r il\to &!. 

gle" tube thro'~ wbieh wat~:r wu flowing, llnd noticed that at. low veloo1 ti&s 

the color.t\i llr:auid w~~ visible &:$ a lin:{'), '\eft1il at hii$b Y\itlocit1ea th.4' parti-

cle~ ot the eoloJ'ed li~uid followed n'1il "g4.l.~ 1uith &.nd. aoon 0ecar.ao tbor~~hly 



mentl.1.tio:u,. bowev•.r, flh$W'Gd t t the real .cr1 er.ion o-! t.h~ critic po :t. was 
tunotion not of t.be ¥ lo-cit.;y alone, 'but .. Qre co~l.y a !unction <>t the 

the ratio 1MJ" be ata.\:ed: tlw•ti~ in th~ tollo'Wil')g ~•rs 

A prQporlion :re untini· the in rti to~e• q be obtun 

... - ........ - ,,.. .... ... .. (l) 

·wtHtre 1 c f Grce in ha• 
M • aae 1n elugt 
A = aecel.e:r•tion in rt. p$r l$4)C. '1:':r soc. 

v ere V : fin l l'lal eit in .ft., p~ a ~ . 
Vl: illi.tial volqc:tty :bi tt ,. e~ sin1. 
1 : ti.• 1n •cond# 

- ......... - .......... - - (3) 

However-, N my be -expreo ed as the vol'!lllle Q>f &. nub~rt.ai-ui• tir~es ita denei-

ty. 'L'h~refS:re1 .d :; e V wher t : ru~ linea.r di.'m.Jnaion in tt . and e : 
th density in slugs per cubic foot . 

Therefore 1 F : ... ....... -- ...... - - ... (4) 



lu tb ease of a liquid at.anding in a pipe t.ha olw of the 11,. uid. 

is equ l;,Q th crose-e~ t..1onal of th pi t ~- t: Ht long of t.he 

pipe. 

Vol. • zr:rfl, L ... .. ~ .............. (S) 
' 4 

ln th al:;<mt expx>ea•ion it. ia seen that t-wo ot t.he linear d.S.raenaiont 

involv-e<l in d.et.o~ vol\* ~ .. ~ . F o e~aeion aa the d.~eir of the 

,p1p• (D) while th•· other iij tb.e length ot the i~ (L) . 

Since th• te~ :;;c &nd 4 t-a con~t• tne7 may bo drop · · and the ex-

pr&eeion 'bdoo· ai 

Vt>l. <>< oa· L 

4 by suttatituU'an 1:n tl!",tuation{4) 
2 

' oc: 

By le\t.if V • + 

.... ..,.. ... - ... - - - ""'. (6) 

- ""' - ... ... .... .. ... • ..... (7) 

..... - ....... - ... .... ... ... {6) 

n ax;pre sion for tb nacou.e ~or Gd involved m1 b$ cl<trived tro1ll the 

basic 11.W& ot fluid tr1etion. 

Referring to Fig. l; the force (Jt) :required to ·OYe one flat plat• sep:.t.• 

ratfid fr~ ~i?lother by a i.~yer ot ~ Cl'Uid :y be expretuitJd by the e<tuat1on 

in lba. 

A • ii.l" at sttr.f 'l.ce of plate in coni;&Qt 

mt tl'Uid in 'h ft . 



.., 4 -

• 

&f& a &i •en la)'C~ or th fluid ttnde.f' inv sti . .atio.t • 

In th• ~a:so et • fluid t'lo\4.f!.!J through pip• <>t cirw.l.ar er a-s.ction 
( ) th ru Qf cylindric l S\\l"face oncentric tio tho plpe nll 

(F1g. ~) {h} b;icomea t.4 dlatanee tr t 1 pipe vUJ. to the aul"i' C$ (A) . 

the force (i') itt the tot-ee ttoq~rtd to . .!.¥Ne the 07~:1e~l aurf e.c• thr~ 

tne 1'.l\d.4 i.n t c; pl.po, Th :Adi.ii• ot t.h• 4Juttac• (A) 11 (J) 121.r:d the length 

· 7 c QUd; (L}. Therefor , it 1a p0$ i ~e ·t.G ~ a the ar (, ) ~ 

;i 2 7C"" 'T L .. • - - .. • - ....... • (J.0} 

ilub tit.ut. into 11uation (9) the e,xprese o bee 

f • (ll} 

The 'Wlloc.u,,. (V) o! th& w:rfaee in .u•:ation . 1 ~ repro ont b;r the 

v.ctor a b (Fig. )) a.nd. t e val.ocit7 ( ) of the fll.114 &t the cent r of the 

plp.e m8.J' be t-epr~aented b;y t v~ctor x 7 ,, Th velocity (V) 11 • bo e:~#"'ed 

in t.:nri.a or {Vm} by t. ho tolloWing px-oportiont 

wh&N R : t.t.e radius of t.h pipe 

. 'Vm % h ..,_ ......... "'9il ....... ... . 

R 
{JJ} v = 



..... ~ -
Sub 1tllt.ing 1- eq\l.&ti<m ·(ll) - w 

r-:: 

Rete.rting r1&. 4., · 1-1 

....... .... - ......... (l.l.:t.) 

dirt: . n\U.l cstrt,p (d-J} <~· ll'mlflm:cul.Ar t.o ~ of pi ) t t.b t 

d • • r 
=Jr 

ln•mills eq i<m (l4) tor F 1 oq13&t1 (16) 0oeor.e 

.• }?Vtl·r,. '· ' . d:r · ... * ~ - - - • (l?) 

• 

Th• Wrm (L) 7 b$ con id~ eon.a 

v.iacoaitie ·, .nd m.7 t.he~tore be~. 

J.no• the velOeity dawrmined b;y 1 uv4l 

leicity 3.nd i• ~ to <me 

oc:. _a_ VJJ 

. .i:J ' a 
0 

2 . ·" 

where Va : aiverage 'Rloeit.y 1n pipe. 

otJ.o 
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Thtt r~tio ot \M 1.rutrt.i& fO'.rOOG to V:J.ise:oult f0.1"¢0$ (Rrt) 1-

Rn • 

: ~;~2 I a2
:fe M 

~Va 0 

Since t ktne tic rlaceldlit ( ~ of the 1'luid 1• 'lUS.l t.o ~ / p 

wh~~ 0 • 4iamete~ of p!pe in t • 
V • aver · • valoc1t.7 in tt. r)or ec, 
,,--. 1 ematie mo.asity in tt2 p,or sec. 

The eban.ge tJ'om lad.nar to t11rbuhnt tlow o! ~ li':tuid in pipe or 

:r silt llC$ of \he piJ;r • It tbe pr•1u1re. drop in a giY~ 1-ngt.b at b<lri11ontal 

pipe ie measured at various velotitisa, i\ w1ll ~ to@ tna.t while lAiw'l.lr 

nO'W perti$W,, the presauro diti'ere:t'lot will be din.ctly ,Pl'QP,Ortiona.1 to the 

-v-elo¢1t7 and rt1coeit7. Wnen t.ht11 crit.1C$ ll.ewnoldq• number ia reae, ed, and 

flO\:r b'll-0omae tutbu.i...ent, th(t pro.a \.Q:'~ d.:U'.te:- nt.i l inc.re&.eett a.\lrupt.ly and 

varier• rol..ighl.y .fl@ t H) square or tr~ velo~ty * v!1U. 'being a'.lluoat. 1nde,f'~ndent 

of th'-J vi aco~i t,y. 

In the de$ig. or an appuratua to d~nstrat.e !low characteriotioa of 

l1q,"4i-d• the abova .ontiuned variatiM i r tu~~• dit.fer~nt.tal il!J very 

h;\$ndy devioe for: d.ettJrmining th crit.1ca Re)'tloldat n l;x)r ln t.l 't a audd•n 

jump 1n t.he pressure <ill!er nee rlll indica~ t e cha.ng& fl"Ollt l-1nar to 

ter'lll1nin8 the velooit)' 4!\d kinenw.ilQ viaeoGi ty of tti liquid a.nd eubstituting 

them a.long: t'di.th t, pipo ia$l"Jte.r in the expression Rn • ...!Lit It can thus .,,--
be nen from the Re;rnol.d.$• nUMbiitr equation tlui\ t..he e&t•ntitil £~:\4.tur~• <>f 



.. 7 ... 
th ppa:rat.ua a.r M1AU'al tes\ lines, ga~•a opaeif'i6d. ·1atanc apart 

Wi h which to m.oa.$ure l.h$ pre.aau.re dilft:l untiu1 thtl'UlOlAetal"e to dete~ 

i Ile ~erat.u .f the liquil inst. ted1 a ~ £ eighing tho 

dit>ebargo eo that nilo~it7 0£ !low reJ ~ ealotil.1't'4. 



... a .. 

fbe original il\t,en iPn t"•gU!'din,s the ltQJ'nol4.ar' Number A;pparatu waa 

to deati n. eomrtruat., , ~ t• ti> 1Wlr the v~eritu6ntal ehilw:-T• 

r, would entail n t onlS' 

h• in t14ation ot tu. eft ot. Qf riou 71lolJJla• 

number of U uid•t but. wo the ett'•et of antim.i.:r &nd turbulent; .!low on 

the, ~eat tl.ll'~st•trcd !'ro:ri t:n• liquid to th(f; pipe nllo. It. lf4ClU.ld J.'9 be 

po•dbl• t.o use th• &ppar tus to deterndn t"l"iction ta.et.ors cf v :'ious 

dia: t•t> 1pes .. T Q e ot the. a;bO'"le Subj ct. <Jonta.tni e.noug 1, t.er 1 

!or tu aia. It W&• \ refore deci ~4 ~o . t he aeopo ot .ia inv s~1-

g.$.tion to thft dea:tgn, conet1'uction, and ealibltation <>i th'll ap ~ratun. In 

view e>f the e.n~elf :.tlow 4alivery ot 4)qv4.pta t and ttho ~ 4t.tl;,lye W}o!o 

oowitered during th• construet.1on, tllia wa J.r44e a: wise decia1on. 

It 1 tb t te ttia.: the poae el this :r. .. evort ie to pre-

••nt to the r~.ader t.h eynolas' N~" Ap.t' a. • ::m4 to r&e u&:lnt , with 

Altbo~b ~ly enough tllbet. rw:1a. vill l;ft) mado t:.;> ~UW'~te the, ih;i\r1 • ¢tnt$ 

r uited to d•termi:ne th Re,.nol.da• nu~ber ot a givon Qil at on t0..~perat\tt'~, 

it is t.b ut.hor• n. belief tbat this rep<Jrt 'Will ttel"va as ~ e.qu t i1.1:W.e 

to the construction. of .&!~la • apparatuacs and 111ill at to others to a 

:r ext.~si'" inveatiga.tior~ of W1e ~rime t. po$..-a1b.i.litiea. 



In VIEW m· tr.c ' \'lliE 

.:.n • tor th inelwsion ot c 

~~rirncnts hl thtt U~tti.ulic~ ls.bQ?"'.atol"t ~ r osuiiaQ\i fi\U"i1!f~ the ~r o! 

1940 by P~:r. 11 .. 13. Jr.in~, t(tAd ot thli Vir~W.J. Po:cytochni<l lrwtlt.4te 41.P"" 

~..nt. f M c.t..'.ltlie , .. int:ti.irl..~. .t th~ sua ti of fro!' . JO'nf'J. 1 '! • ·"" .. 

M" Simon~ •es~bloo ~ pl'e'~lr,/ da ~egflt.td.i:r~g th~ &P:P'!l.rat"u41 but laid 

,,. rq 947 t.!Il'I aut ·Or ~~·· int rast in the Rvynold.:3 f n ~" .:r App-

n,tu:J ~id r.:. ~rel tm· in..,.or~tion e .. ea.""Tl~ ''ich n 11~~.,,, tut \I s !®tis""' 

e ~bd c :ri d. t-u • , ~ ml> ·Qk atn cal tor iAlt no 
ia~d.al ot d... a~t b~ .. m,~ "i:A\9 disco..,,.?' • 8.~e* , ••p ... ewl,:r ~tl,freating 

. ceO'Unt ot P · ! • .1op10ltl t lJ ~ .. · nts l<1 othot" ~ot ly r lated 

tn'""J dlt.i¢.tte of th1• : •llJ}h et\gi .. n..o 

lio";.. fJ! l1 QI'At~J ~di., d i 

i.>.clud;t:y' iu c 1.«1 two ot w~ -hlio.gr: .r1. 

"throuzh tl."' ~C' u:Lint.tJ'lcc ~r 1"1-'Cft. J'r.:ru~:J ·\d.t,,t f'r; f. Ajj E. Eook of 1th¢ 

Unit d . 1 val ca.do: it 'fAS l • , d t.h t rct. 1t:ck ha.rl con ... ""ructed. an 

al>p~.;i.tiw tG d$'tiatmfnia i:t;,'llold~f :t mbtlr at. th'3. tti:vu ~cai!~:r b1 1946. Th:· s 

~ t ' w ·dit!~t'ent rr any . ili!ch c CO'rtli ctcd ·t. th~ Vi!; cin:4a 

;ul.J · chnic lnutltut.c in thAt. !~Qf. Baek 

Ur.es y~t,;tqa.Uy. 

In .'Uir-ic.;;; directed t g~ l'l'l.W r ot other collr.getJ • l.U'rl.VQreit:tl'JO 

'1l&c blti::rught noeat.iv~ 1$wex·a i~ fJVe::fJ"' ea ~ and l® t.o tht!< ¢onolu4'4® that 

ther 4 s been no iaatoriu J'\lblish ... tl w~.J.c deal$ Bpeeitieally \Id th d.eVio 



Dfti&rt. R!q,Utl'em4lll)t.! 

Gen.Gra.lly •Pta ~b t.b& r~ i~ta '>f ~ lleynol4e• Nt.'llliber ppU.l'at.ua 

VAriAblea in th a.pres 1«t I 11 DV • Tld.o equ.iptlent \W3 divided into 
"'? 

the f()llowill8 four heading :ft:lr the purp¢at of clasni!'icatJ.on: 

l. ~ and St~t.10 E<:tui~n\., 

· \Ul'l:pin4 uip:'lenti n :ed 10:1:' t.he par tuo waa a. pu;zp 

ct sufficient capaeity to d liver 4 largt e ~lh quantit 

ot oil \o .tnave vel~ei ti•o r~aehing int t.be CJ"itic$.i rangllll., 

To obtain a wide variation ot ve:l.ociti. 1 it vu dealrable to 

Ston.{Se of tht Qil ~11\S to~ r~uired two large t~ka. 

Cc erri i'OJ' .tti-~ t.~ vb:r• dijleuabl• in order to· p~ nt !Qr ign 

n:iatur from eoa\o.W..nating t.be oil. 

2., Otl 'tuperat.ur Cont.:rol Equip>llent. •. 

Since bi:tth steam £4 · ter linea wer r@adily aVil\il.llible;; a. 

t.t ~at\U"e contirol coil in ·one of the t«J:l.l<• ceul b..:;i con&t.rue~. 

Such an &rr8.P.1Gl.1<<fflt wa an ·de.al mew10 of vu;rlng tue viscosity 



"'"'ll -
.3 . .. pin yout., 

Tho piping la7ou.t w a ll t..:d b,1' tbo i.owt. of apa.c1t va.U-

lo in tb Hyd illca borator1 w,U.el coul.4 be ucigne-d to thtt 

J>p&ra ua.. Th tloor ar allott.e:d was ppr®C:b1M.ol7 45 oy 10 

te t with a.n QVerh el~ce of aeven i'e•t - ono J. •• ch" Tu t. 

llritt !tO ftet. 1 lrJngtb b tween preeiaUl'e gau.~oe could Ill sily fit 

into ~·i:a . .s 6pace with ... p length bt}:fond the a.1,1. os in which dU ... 

tui- l'a a t p Q.y f'itt;.inga woul4 d ped out. Teot line aizee 

de.ci upon w~ st-eel lin•• o~ en inc d t.er, J/4 inch diam• 

et.•r, l/2 ineh di fft- )/8 inc t t..r ~ · nd <>n eop?l)r 

line ol 3/4 inoh d.i.amet•r. 

4. ~~ins U1 nt . 

fo d•t.•rmine th . VQJ.ocl.tt ot ~f) oil tlOW'lUi through the 

teot l.i.n it wa..a nece1aa.ey to incl: 1n the design pro\'d.si n$ for 

th dlecna.rge tiUlk to re3t ~ a e•t of 101$le$. Th• only other 

in trum.•nt1 to be a part ot th pp~ratue ~:i."G pres•~ gc.ugoa 

at both ~mda ol the 0 .f'oo:t teat pi e 4 t.~w:rm.~t.ers ill eaeb 

head tr. I\nq-4ng t.b~ to~:\"at. ·n, th d et.enn.in · tion ot tl'\e vitro 

c it7.- •ithel" ~ rim ntally Ol" fi'oa1. pu. li hod ca.ta, ~ •ld ~ 

ar.1 easy z:iattci•.., 



Y.gs:tsa. Jt,•\aiM 
l. P~n1 ~ s o~ ~ Equip nt. 

The inat.iott of t.";.e Qorrtact 1ze ~ tn>, ot p\Up · 

b d 0 

c es~ to p \I.ca :flaw of a cri t1c~l c! t.1 

1D the on• inch aJt line. 

, . • ~ Dieo &J"I• ~ul.a.ti(lne • 

Vi co it1 or s.A ...... 20 et o deg. P 1e 18$ fl . u • ., 

Kint tlc v1ooity1.1& 40 ~ nti3 ·a or .4 Gto ea. 

kpproxim to Jru,'>ld& • n~ fer ~itical v loci 1 = 
isoo. 

w R : atyn.oldit• nuaber 

D :: in mil di teJ' ot ip ta f t-. 

V : veloeit7 in t•t pt.tr o om. 
-r-: kt~\tic vliisooBit.y ins q. tt. per. 

Sine 0 . 4 s ok s • 0.4 • Cll! r see , J tho vi•tosity i q. rt.. 

pe,x- s e. • 0.4 ~ (2 . S/+),, 7-- 144• 

"rho itit.ernal 1 t11eter o! Q o tnch standtJ.:td pip • 1.04.9 ineh•s • 

?$.2 x2 !{j 12 • II< = 12 • .32 :tt.. p6i- :.tee. 
(Z. 54.) 144 x l .049 



Quantit1 of !low !Mi7 btt loum fr«* \b ~ree iQll 

Q = A 

: Y$l.04it7 in t\. pel" ••c 
A $ eroaa- ut1c:>nal ~i ot :po in Utl• tt. .-

Sine•· ooo eu. tt. :: 7,4g g llo."18 1t. 11· possible tQ det~~ 

tlw i.n gall.one per mtnut• by :t.1P¥P-S the right ide ot 
tbo ~uation (Q !: V') bJ' 1.1+a x 60. Theret•re,. tha e-.;at1a.Uf»1 

~Q\P· 

Q • · 7F'f' • -n;J\b942l2 f'1!*'hf :£,M 169. 1 

a. P1.Utp r"•sun On.J.culatiotun 

Eat ~tion ot pipe: ~bs. , fittin~s,. 5l1d atatiQ he&d. 

Stat.le b•e.4 e 10 ta•t 
Straight piP':t :. 50 :.f ~•t 

4 Globe vu .a : (4 x 29.4) t t or l!ltra11ht pip4. {l) 

l'hr.ee 90 d.epee 1'5rlboWI$ : ( .;lt 2.6) .f~iat of at.:-iiight pipe. \:3) 

1,.. THs :i (4 x l.s) feet. ot ~tra.igbt pipe. (.3) 

&1uivalent pipe lm1gt.h = 50 + (4 x 29.4)-t{l x 2.6) -t- (4 x l.3) 



Velr>cit of AlJ gal, pm- l:lin• throusn a one o pi • 

14.9 ft.. ' , ltll"#. 

Frictiori. t~e~Q~ = 0.047,. ()) 

a =t ~ ~ 
= 341 fe of oil 

.ad 4ue to· pi tri.CU.<m tn t 
t• tt'iotim to.et.Cl' 

L: lqth ot pi t•t 
n: lri .•l1'.la.1 t. 

wloci t;r ot t t • pGf' •<h 

v • yelocit.y r tlow in .ft. .,. 100 • 

.g = ~etl.orat duo- to ga"fit;r in ft.fl per sec. 

T . h * W + .341 + J .4S =t 354.45 •t 
upeei.fic gr Y1t7 ot s. • • 20 \ lJO d.eg. 1 :t o.9(l) 

'1'0"'1 = 0.9 x JS4.45 = 320 f'eet or 
= 0.9 x 354.45 " 0.4)3 :: lJ .6 l.btt. J*r #4,. in-. 

Since th. tluid u vlec(IQS th~ ~ fifbPllld w o! tM i-~cy t.ype ~ 

ohould deliver 40 gal • .1;1m" mi."1. a.t JJS.6 lbe. per &ea• in. 

(I )}3)~ Bibliom'"&ptl1'• 



• 15 ... 
chos n wa ~ing on l o •. '""' l.ro nttir l a.rringhono 

Ce ar.'itafy ~-

~Ph ' Up t. 

o~~o.u·.:.rr 39 L. ~J' • 

··~~~ Pl· ur-et :lOO l: • p r q. i • 

~~ ... , liq t• r:· t.ui-ei "'° ea. 

wb•~ Q. ;r: d.Ucbf.1:'8• in gal. psr min. 

b : t~.i oil 

• • o~cifie gav.t~ f4 <>11 

~p Ht»!"MPGliri)l" • ..J2 x .o,·LW·n!Z ~~u 
Aa'&-1.~ fU'lllp •ftteienoy Q. tsO 

In dew t'lf t.be .ta.ct th mot ellvcrl.ea lHill" oxt't'e· l slaw <n.u-i 1g 

the p0&t war period,. it van deeide.d. tQ USf;I: o. r.mt<>~ ~vailable 
-> t.he t :eel ·cal b<J.r 17, 'th~ • 11t e._.oe n as l'l .:sting .... 

howse- Dir•ct. OUtto.nt Compound tact.or e<;,;uii},P!.ld \tl.th a rit!ng b-~ 

~d fi::Jlti rh.oosu t !or s~ed control.• 



!fot'lH),pO'W$~t ; . , 

VolttJ 2.)Q 

ra:s: 23 

odJ £00 to 

dttl•t 324958 

Ola.ea: 7010 

• 

1~ d 'heo tat., 

't• ai lJOS69S 

i~t 2C 

D. Stot"age ttmk C&lculAtlarullt 

lluin.~ ea.paci ty on •xhm 

riod, 

~P cit.· • 39 ,.u. per :d.n. x, 5 .dli.. • l.95 a • 

To ~id !1l..111'l$ ta.1k to f;"'~eit,7 ~ t,,o ll l ngcr 

l"Un~ it 4e8ilt'fld* th'l! IJ"p&cit7 QO iner.;;;~l~d t.O 400 f.Allooe. 

400 -7 7. l+S • 53 .5 c. ft. 

v = :a;~ . ll 
4 

heJte V = wl '- in cu. tt. 
D : di Gt;ter in ft,. 

h : height. at tank 1:1 tt, • 



... 17 .... 

Os D :t 4 ft . 

, ct al tru'lk .J.pacltys 

;; '* tt. , h ::; J .ft.. 

Po: int trnal "'c e:sa lit1 ~ 

Uon the tank of tna op qllltdrie l 

t,3pu an4 obould a a,~ inc.b nipple plaeed in 

tl tra.nk wall neat the bo'\tcolia. 1\U"tl :rmor• • thtJ 

desi ot or..e o.t t. ie tanks mun i e ~ a b~ k t. 

to hold be h. id.ti. e<>il 

No et.t pt -was .~ ~ locaw holu iti the oovera 

r r the variouo pip a and lines as a-ueh op$NJ.lga cOltld 

1not. lat. en .. 

th.ore w s t.che po tii'blllty 

f br1cA*ion · £iual 

'l'i.l.llk •itt.e.l:'ial ap ei!i.O waa l/$ inch wro:i;ight 

U- n.. Con1truetio ~ to b'* entirely woldo • 

Th drawin a on 

tan' d W . 
6 18 arA 19 s ow complote 
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90° BRACKETS 
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Z 11L£NGTH- 12 STD. C.I. 
PIP£ - STD. PIPE THREAD 
ON Ol/TER. 1-j"- BRAZE 
/Iv WALL j" !=ROl-1 BOTTOM 
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SCALE: Ir '=-( 
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t I SECTION .A,-A 
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./f.EYNOLDS YNVl18El? APPARATUS 
TANK De 516/V LJRAVv'l/\16 NO. I 
I HAR.CH 1947 R.W.8 . 

MATER/At. - g11WROUGHT IRON WELD ALL SEA/1S 
4 11 NIPPLE AN.D /3RACK£75 O.IV ONE TANK ONl.)1 

lj11Pl?E ON B07H TANKS ______ , . .._, -----~_._.,.....,....,,..._.. __ ,__ _ ___._ ___ 
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SCALE: FULL SIZE 
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TANK COVER. 
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St341lt 1ta0 avai).l)bl ti-om t llish pr 81.ltt ~ in ~ M Cluuiioal 

tabonwrt jt pr S4l\ll"e ot l?S ~· pelf OqU6ff inch tid • t peratll1'1l 

ot J1tf1 . • Mc\llationo t~ the eoU :re 'bUC on :t.h t 

th• ~ \ o o:il in nk dU?"; iniM. l 

)00 a-1.JMJ•. 

Qw..ntity Of o~l to ~ heated • GO . 

t~tur • J700 r 
l . , Po:' C,(2) 

Y$.ty ot ~l = o.'} 
&rP ¢. l.AQ0 1 in ptriod of lO mi.nut 

The l eot\dwUv.Lty ot eopp~ c ~ ntu. pel' • tt. pol' 

hr. p.r . (l) 

ravi~1 0£ oil:. 

: ·S.34 lt0•9 • ?. S 

: t01'4Perature c t\llge x •pecif'ic 

heat of OU 

;: BO ~ 0.5 = 40 atu. per l.b. 

nt.u.. 'uix-Gd. to be~t. l gal. :p1Jr ht. a l.$00 Jt 7. 5 lt 40 

~ t porature di.ft r nee ootweoo Oil 
.:no - lOO ;: 21rP F 

•t • 

{ 1) , ( 2) SQ$ .aibU~"'t'a.pht • 



lAt he t tran•f.rr 1 coil \U'J'i~ t.h•oc • Q 

Q • e~l. ~wtivit;r of cop~ x t . 
Q • 220 Jt :tlO • 59400 ~u Pf:Jli" dQ• A. ,_t- • 
l.AJ ~.t'ae$ uirtd =.A 

= ~ ::J 9.1 eq. ft. 
~ 

u~ i 1ncb :COPP91' tubj.ng,. outQitdt ~ v • t iftch. 

ur ce ~ ea P • e:t Wblt = . ~Q. x l 

toil long 

!~kin.g ec.tl di.a t•r 26 rt. t th• length ot en ttrn 

: ?C D .... l .14 .:( 2., = 1.as n,. 

I eoil pitob i• 3 i,nel t.be e.iti:ro eoil Will oe wbM 

rg~ wen ~ U ha..l!' Eull. 

v ... nclude 



lt gl.oQG valve th t.tr c()i w tt;> en~:r a. 

i" . q lnVIR'"\M ckat St ' ~. 

,.,. agi to.tor- t.-G eU'clllat.e th• OU a~ t.he eoil. chu'i.na; 

t h . ting proceaa wae e d $Uable te :t..ure 0£ th ~ntut'e 

rol •1' waulcl &id •t.17 ill Ob8 

talnitl even t~ratm- · U" out en.tin t t7 ct 01 • 

StJ.ftral typt• ,of agttaiore wre tn1"•,1P~•4. 'the l ~ 

waa 1T;p• D, . ~-~ Air- .ri '"n agttQJ.tor, ColloW Eq.\U..pnent 

c~, 1, t s a ~ d:r1 ~cb ~a 



' 11 H.ptn"J LayQtlt. * 
Tb• p pin l».you.t ol t.tm -.~ .. ~ t.ut.1 mi;a fUVided into t sye\~ , fl1• 

g:r up ot line tb 01 . gb ~ch ¢U to t'Low waa oalled the oil c;,tcle1 

h1le all ~ rntUl:"- cc11t.rol !pint .. w~• ) 'h l"'d t-1 t ol. cycle. 

Tho :ru • 11$ et both t)'Qt • 

Th~ ~ J.n ~:r th" (IU ere s to be: a. o ve "oot ~t.n of 

.\~ -Uc in.eh et el pipe 111d.th cil•cular d.18Ca ld.tJd o:r zed 1n 

th• ~- Th$ tit:tiiJS,:S lff;li\l~t:S.ed tcr tho h$&.d.$1i" tt~ld th te&t un~a 

l?'O thi"a olet~ . Soon p c1 cati n# oon tiNc on of t,he 

er _ le ~ h.e op ot tho s decrea.a 

.• pq $1bil1ty ot t ~ cauo ·· U,- !1 Uxlg o dat :in ~ t.eft. 
Un•s• Th• di.scn~go l ... ~ n»,; to eomsltt of• Ji Jin h '11* With th._ 

"~ pl~ '1.11.d tin" .,lot.a to no<tiw \b~ t~ut l:bi~e . 

lt•urn ot h oil \o tho h.a<i tta.Sik tr= 'Mi• . iighing tank wae 
to clo#i Pa&• 26 

· t Uw weigh ... 

and tlut heating twak on tt.e 

I' 



}f . . ..... ~ ·~ni. 

~ d ~ tort},,, n ,yno 

into :t.M following ¢ · 

..at~ eq_u:t~ti, and t. . 

A. Vlow wr ia 

;tn th ~clwd.oal ~~tO'.r'T w 

pl.G.tfonJ ac~c•- i · waa dttcidod to uae en ol 

~Um q tit.y of tloW -.a it bell~ 

wul :f»"-O . ~ <1epu1 able oY&tt 

'm)lllfl a tlow me • 

t1 t thie method 

pf ~ 'th 

*'r• th1' q;uant tq of' tlow it .la pos i tlo 1:4· d•wr:d.Ao 

"A'tl.Qcity •t t.ll liquid. 'b;r dl..dd.1.ng t flow b)t he eroa ii et-

ional •r o t OUBh ~h ~b~ l.1.ci,uid is aaing, 

·elect prduu.,e au.sa• 4$· the i .at~nt,s wl h wM.th ~ in$~•~ 

t~~e pr$'S~ dtop through the to t. linott ., Since hia punip ~ 

l' ted t 2 lbs. pe- sq. in. t e P,USfil!S rQ choa with tM 

of zoro to 300 l.bs . act• in. 

c. T~t.ura •• .sl.Wina ui~t J 

In order 1'0 detorrd.ne the vieeoai y ot t.he oil in the test 

line11 it wes neceasru:.-y to iMll.ldt p:rovioio:rur: tot' t mp•raturo 

aure~t. Since th111mi:micter \ lla $.f; av:y point. aloi:ia tho teat 



J.1.Ma would diotui1b tt flow of · he :U.qui it .a dto. ed to w-. 

the t.fi1}"1e~ttim in the boa.de • The tbe~~o eboh lfOre C>f the 

•tandard la.Ila t'r.i.be '· Gh\11")" n-• 
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U ot Natwl 

'l'h ~ of ~ . ter!ale foi- he l9f\fiolda • !Jlmi.~ AuuainJo 

int.i) tM ol&AuiU'iee.tiortS' ot (1) Oil (2) W l'latur Cont l. 

$73 

l 

a 
3 

I+ 

' ' 7 

9 
lO 

ll 

u 
13 
l4 
JS 
16 
17 
l$ 

19 

.ti't,7 

? ft. 

00 ft: , 

a 
e 
2 

d 
5 

4 

4 
40 .ft. 

l 

2 

~" ption 
6- Std. Stoel pe 

td. Ste l Pi,pe 

el T e 

lt" $td. StActl 90 de • ·~ 

~ otd .. ~tel c~a 

lf" Globf, val~ 

i" ~w. ~t.eel Union 

11" " . • St l P:J..ug (squat"'&) 

lj.1 Std. sto~l Couplina 

1" f'."td .. df.e l Pipo 

l'* $\4, Steel Union 

l." lobt '.<d.""' 

in Std. Steel Couplirtg 

J/4" ,;>w. stee.l Pipe 

'J/4~ ¥t4• ""' 1 Union 

:;/411 sta. Stool Coupling 

'J/4n lob$- Valw 

3/4n O.} amlo$'9 C'.eppor Pipe 

f 1 Std. Stc•l Pip$ 



20 

21 

~ 

23 
:?A. 

25 

36 

2!1 
as 
29 
JO 
J1 
~. 

).J 

34 ,, 
,6 
3? 

: nti ~ 

l 

l 

40 

2 

l 

lt} 

8 

4 

2 

lO 

1 

l 

a 
1 

l 

2 

l 

2 

l 

l 

.-er tt.1 

t" Std, Stt•. ~ 

*" Ql.Qbe val . 
3/8" Std. Steftl P1po 

l/fatt tA. ::>t l nion 

;;/ 1' Clo'Pe Vuvm 

~" ·w. Stffl Pip• 

l'* Std. StM1 Utd.on 
J.tt $ . "' . . 

~ Globo Vllll.w 

kll HOM 'i'ht-edolet 

~ Bonne1 Thx odolet. 

~/4 let 

6xi Thredolet 

~ l3Qnney· T~olet 

'J/4'XJ; :aontLe1 'L'm'odolet. 

~®let 

lW llonnq Tbraaol.ttt 

li>O/e D1mne17 rhredol.et 

D1,us~lption 

f ~td. Steel i 



- 2' .. 
{\Wt ·er ~~tit.1 

u 6 

44 60 A . 

45 1 
w. a 
47 25 :i. 

4i.<l a 
49 ,, 
50 l 

l 

Pea:eription 

,jn SW. Sttt'l 90 4•i• E1btnr 

i'* Copper Tu ~ 

n BronM M ·i. G~ 

611 W . St.eel. Uni 

pe lo.ti 

i · \>td , .;ttiel T .. 

ft Globe Vu-.. 

l" A et~ona !Invett&a Bucket 
;;it4144 'rl"a.p :N9. au. 

lfu lD 1 13 ,1,l ·;..«/l Bronle leX.-

ibl• · (ft.al Hoa• with 

coupl..U)a br-.z d on ~ 

eu<t. Obiea.QiJ M$t4l Host 

tarp. 1 Ua)'W0<>4; lll. 

Oeserl.ptJ.0$ 

Open Ctl.Uldncal 'fAiut. consult 

th'•~• tor tiataila. 

F:rea~n.ire Gal.ill•. ft.a.ng~ et zel"O 

to 300 lb$. per c;q. in, 

Thel"!'J;Ontatere. Glaa ·ti.Ube 

200 4 !h ' · 
?latrorm 5caltJe, f'latform 

~•naiontt 4 tt. x 4 tt. 



1 

51 l 

59 l 

l 

1) CJ' pt1 

'orthiugton li a.a. ~ 
ln o1"tl4l Herr!,n~• Gear 

otaQ P\WlP• 

Spwd1 Up to U60 ~· 

Capaeit : 39 

a ·. 

• 

!~ Ltqttid '1'•'P'Jraturoi 

3$0 d<tg. F. 

r:e.tJt~bouae Tne SK Diree.t. 

C-urrtmt. ,.iQto , 

Uoreepower: S.S 
Volt.e; 2.30 

l"ef.U 23 
BpMdi 600 to l.SOO rpll. 

'J ~1 GWJe Starting "~ostat 

c•tyl f $24958 

~-· 7010 
'e&ting one Fteld 8.heoetat 

Style: lJ0;695 

' : 20 

Ft~eut!IU il~ Dr-1 wn AgJ. ta'tor J 

Tyj,>e n. Colloid ... ':qilipmon-t 

CO$.Pany:, New York. 



o~ct.!.u& t.he ~ol; a 11Ub<:lr Appa; ~\\ll ~ waa found t.o qllite 

impraett:tf;Jal to attempt to t<"tll<>" .-ct~ tb• d~~ 9n the dl"awing•• 

Su.ll drfiatiQJ.'lS in nlppl4 pipe lerlgt.ha, wh\l~ ill no wa..r e~ th• 

g ne~" och out, ott Wd c aid. rable tJJne b allowing th 

u •ct t&nd ~ha }',and J.- tbcl" than equiring the 

eut;tin& .t spoclal at\d ~et lang'Wl • The 41·a i we:re atr1ctly t,o • 

h~Yel'".1 1n inetall:ifls t.he \Oflt Unetr. 

~U.on $ bt:1 · b1' ple.cbig 'Uifl boad ond et,ol"age tank in pod.Uon. 

fhf •lovati of trus tank allow ha tl.oo:r emJ.n!ltl by the olovation o 

irhe p inlet. w oh 1n turn <w&a <let~ iy tho height of _ h to s !'t. 

to ¢> t~ th J»"()p•r 0 , tion ll !: , da or tarlil!U"d 2 inch 

cna.!'lbQl tt • 
'l"'he PWbP s eupported b;r o. ~ Wla\" t.o ~t "pon ll'hich th$ tan.lt 

was plac • Thi• ~.am. l!N8 or tho pro~r h•igh\ to .all.ow tb ' pw:tp fJhaft ~ 

tor dbatt t,o coup~ wb n t. · motor • bolt. d direct)¥ t i · floor . 

b in diameter we o drilled tb !'loor d th p • t:r. 

e c~ DJ' inch 'bolt• outed in tn.t holes by lead pluga. 

lfii• 1' !nob pi~ from the ·tank; to be p • and ho ti t.tin&O ~atolf 

.tol.l.Owir" the ~ out~ were intJt&ll-1. Th bnlba lilt& ~1g fit¢1:a th• 
' 

P\llllP out et. to ~he ~ near the tank out.lot a not inl'Jt. Ued s it wuld 

int.ll':t- er& with pacing the motor . 
~ ·• ' ' 

Hal.cs N drilled to receive t o t 1 nd th it inch bolts gro~ted 
l.n o pl.a.co. Tht.' ooto;r was th~ low•r.d onto the bolts .and the aha. s.Jigned 

with the pw;;ip hatt.. sUgl'~t •h~ ~ neee:asarJ' to a.ohiiave oatis!aotQl!7 

a11a;mt3nt. 



h b<;tt of th<f tan • th 

1;.n9h nipt>l• tn tne tank t<M.l , &"'l(:l ti.lle w.l:v ~ tCJaM t•· :p placed n tr~ 

tlet id• o! he nil>l' e a. oh~ on the <lr win on ~ 26. 

Pr~ .~a~ ot ane;l• l.nd. flet eot.iona we·"' h\lJ'l& tras. t.11 onr h~ 

~~ ti:> ~itb:l.P a tu iriehf.MI ot '-h• iJ.'l'ffl a.~ \llhio } tJ:,$ t *'t lin~a ll9Uld run. 

a tramu we11'" opr.c'4 a. t.tn too .tnt l$ fr. t~ "re hung 1001'$ 

ot tJ io.<:.h #hl!Mtt •t••L "Ill• ~ ecultl \>c l'ai ud ~red b:•r .. ms f:ft thet 

'bolts hoJA.illg to the t~. oueh an an:-a.ng-.nt ovided a m.ear t 
ac.clil"at.eq .ln-el.i.na th• teat ll.ne•. 

Th• lilrge ~ it ta.bricat.ed. !'l'O a e-cwn :toot ae.ctian ot ell; inch 

tram the O\f$t"h~ad tl"&nei.t alld tb• lj 1ileh l.J.il• fr<G$ the puinp outlet was conn• 

o:ote4 to . t~ in ctt .tit.ting, 

At this pO,int in the e<>nst?"uetion the •t.'.U"ting box tor the ootor f>.n'ivod. 

Tb:e ~ ~' inat.~lled in tha 220 volt~ cun.n.t lin• ~ml the motor ~t11ut 

a.t i» l0$.d. After t.u: to .. ~ets were c«Uplete the \.1Jl."1$B8 line tram the pump 

diScl1aVg(.J to Wlk !')i!J~ ¥a~ i.nAttalJ.id;, ~ trhe $hat\r o!' the i'flOtor and. p.µ;;a.p 

':the tet:Jt liries WN u.eembled and th t~olots to 1·~ooiw the ~E11esure 

ga.Uito Jin ti lltJre b~$M 1JJ. pl.ace .. In j<>tning t.he tw ~ct;.ion{.t tttai ina.de up 



ch t. a'b line 14>eoj. Q&t'e. t:r"'~ t ~1 t· t thi:t pipe · (~e. ""qt and tit 

t:l.ghtlt to;eth · ~ :lneid• th · coupling.. th.U • t.~ of a:>o-«nbl.1 oul.d r~<lue• 

tn~ tl.ll"bullmce o~t up · t t.l• c®plit\g tQi a ~um. th~ llnu# a.~ teGtf:Jd 

h'lnZ .d'Q - \hL't ~';)Ji 

~1' t 

• 

"· -~-!>lµ...!.-~ .. d?l'm 0 

'-~eadol ta 

b!•a~o4. iJ1 pl;A¢e:• The _ z&ll jointo wore t• .. cd Xot• l.~~ ru-»1 th~ l~er co~ 

otcd to ~,$ os a. 

The ~ d tt. 

""'"'"~ he~r to h ~ ~ illf>t d 

i; :retutl4 l1no from the ~htng w1 · to t suet:.t® ~1 of the pnrp 

wa• nm 1n$talled• Thu ~ ~· 8\lP}1f.'>l't Ii 1 ~ati~ 1t upon the tr&~e - which 

h be n priovi ttlt hlllla f~ the wrl e 

t 

t ~in o 

of ita e<.'tin-iefJtlon ith t.bo ·~'1it,"hl~1s 

.rntJ,., :t bout . - l r tr> ha V:) ... Jt 

di~t ...i::.~ r ;ui &d_. 

",l;hq~t\Jr w l.U e.re pl.~o:Gri in e 

~ov.nt~ ~ the ti»t lttfllls -~ ~hciw:n on tho lii.;;fl';;l\rl.t: '1ra;;.:i1~:h 

Th tina.- atep• in the Cotlat:rttet ~; f ,b~ Ulyr;; lsia "'J1 h¢"" ppat~tus co~ 

a 't.~d of boltir'.1'6 e gite.\Qr to t. cover or th"l lted.J. #; t nk, pln.cir.g tl 

onncct.-_.Ulg -:d wa t.ttr ll'tle- to i.w t.mperat.ure 



... J4 
VI C.1t . " '\l'ICN 

·~t.>t~·~· x · .~p~ ~--

~k-7 - t.110 ~ $Jw~ it.t.Wl 

Q 

tiows~ •· 1ba ~ •• ti w ·t,q ~. 

'fhij ~~ Q CU4 f3 » ~ ~ 1*t ahot .on ~ ~ 
ot hQ _.. MU114Uf.i; 1t pQSC 14' µH CIJ.tr~ •J.e ~~ 

t,~ C\~. 

m>t- ~ld ~'$t pipes. 

::1 ,. ' . • 20 Lu~ 

ga\il4le b41l· ~i t,~ vlbi~te v;i,Ql.eU.t~ • 'tbo 

s.:.~! tb<'> v~ty Qf tlla ()lJ. ~ c:1Al.ct'llsw.1 i'li"~ th . ~li.$Chaf.!J•··• 1l1d.:! valoQ.t · 

... t~ld to 12. 1 tt. "' ee¢. •. rbelt Uni~~ 'ffi~ity ot 217 .. . u. • 



\dl(}Oflit¥ ~ O,.~f45 . • ,ft , P'M" Otre. and 'M re~t:1ng nwuold&* ~ 

2142. 

ttc 

c~ t.,- tO' o.Q0043 #tl· A . ~ st?C-. ii el'itieel wl.Oc-1 t to't' 

ptpo n1 21.e .ft. pot" .,co 'fh•ee tlfUt :r'iG. iillt& ~a.ve lle)1~olds* . ~P of 2072.. 

,,J.t, .;)U,$1..i. t,. • . un the ~i$ 4ne :i Ill f i."lOh linatt 'by o ~ 
nstn.,w t ~.1;11.lill • .t~b.Uit;r 

b 1(,1!2 ~ ,,.,. i' z. :rt;;,.. ... 
- . .....,... 

s . iti g:r.1it7 

= oro.sa eu~Qt.!ar..tAl. .~GU o! pipe ~l flq" ft. 

V: ~ooit7 in tt . p~r see. 

'lrt!~ lt : Re~.:ld$i n. • ~r ~ 

n • di~t~n" 01· ~l'l'!.J tn f'i:. • 

V • •lOc;.i. in ft . per tJee. 

-r :: .. i 'Viteo ity :in sq, tt, ?> s&c. 
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VU! , U&, ... rt 

Tbe deign Of thj ~Ql.ds • it~• A)); ~t was ccneemod chi flt 1'd. th 

th qontti> ~.·mi t.j.on I b-e teot line 4 tor# locit.y f °"A 
n~ c•1'1t1 of t:bi liqnSA. Bri.~, it ma.y bf# wd t t t • 

a,oh$.•wd by ~v~ a~al "" lim1¥ of ~c,uo di" 

sp.ed. p.wp dri\.-en b;-" direet C-ia';Nnt ~x, ~ n t •· nt co.ntr'1l 0011. 

Another ~orte.nt el@ : t of the de~ the WlW);i.on ot proaauro a~4Q 

u.t .. l ~.,. of mt t \ ltn• fl aa to b erve t t.r.\n.:11 tiorl ~ l.:l!; 

t.o t bulont tl<>JI. 

tr.:;re an., ot the a.'bovo tac.to cou ?e ccmll • .;, ad ho J t1 l'", U;. 

nec~~:B!U\f t,.-(7 l:!P~ c. cu..-ve1 o1 l1 p:®.\'1i\lle l.ooati®G in he la.borat.o~ l\1le~ 

the appa.rat' • <)ou,1.l ~ Cl<)U!lt:'Uet.oti. !rt the ir~.t.nt · ~~ntd<: Iruit1tute 

!l- <;h 110~ Ia oi;a-';, · 1.lio ¢t.lJ.1 • C.3 &'Va.Utt lo m:.d a lW QVGl~h.u ~en.ranc•, 

thus .. Wd,_ ~. ii.. r1 l.}!l, aar;; ·o 

Ji ~~d.l ~<.; t.t) .1mc \.. t-10 't13,st 

.:01 ;w t~ve . sou tf~'.li ... Of.1.. 

t inin$ a~ J.Ow velotelU $ 

ui ooin ~ te~·li4t~ ... Thii:t lo pl;)$aib' 11 bec.~uae pumpin~· the Uq,1Jid upwM"d. 

t.l&'l;.m.gh ~ 'f(Jr~i~ · · p1:pe will ~~ 'J6 · p ·the pi.p'1 .f\Ul Whilfl he :f.'lo 1a 

~ -r. In titfJ e~ of bo\'izanta.l -~ t. lint:e thiii v.eloc1ty requi;;.•w tor 

h.lt·d.nat" fl~ ic o~·t,011 oo lo t.~ t~ pi i& only' pai"t~ full tinass the 

liquid 1~ wry vi.zcvl.\$.,. Th• Wlr...nt ao o tlllL"lg W4tar 1s. .g:i.teat..11' '4tf$ t; how .... 

vWr, °" the ~ll ell;.t~-0 k\ vi!Jc~it.r th•it. a.ce~zmi ti e. t~~:t:;ur~ .al'!Anao. 

If 1.,, is de.el..~ to. $.how th.e oi'f.eet of vi.aoouity on IteytwJA•• f~\ e:r it ia 

n~CQcta.:ry t.Q U3 ~l o"t' ~O."M'I othe:tw liquid w.ith t'I. wide V!.tcos.:i..tf r-""1lge . The 

ot.l &r UdVAAta1~¢lt o" 'llfl""t.ienl test J: I :.ro vhe noed for l.eaa f'loor a and 



~ ua• ot $l' 'rit:y to rat .ll'Xl th~ licN!d. t · tb l~ ~. 

Tbc ee!.ntuotion or \<hi!i ~~o~' 11 J,l1f;&t"u.tu~ wae Wlllblt· to !ollov 

1?.;icm..- pl.4n or ac «!~-$ \1. to tn . ur a:t.:ic ~ ~·~ ·ldab tlJ'.'l"i· l of 

trcriala. It :t~ ~! t.h~ e<>'Ulil 

of fi\'>rl°f Of t ~ lilt Vi~:tniA 

Pc~·Q~C lntitit.utA. °™' t#11;iplf ·Ot ~h et plaf:t ~lid be th$ $chodu,Ung oi 

· _ ... D:t·a ill¢ ~ ~ldi123 at one ti.Ii$ ru.thol' th· lnt.6l"r'41 iti.Lcl an ai.lOtat.ion 

"lie !'&ct hat. it. as po aihlB to t . v ;;., -lea in-

v~l ved in ~-no 3' nui.nber ~ th na1 ion rrom lamiruw tto tlU"btUont fl.Ow 

@t&~litJb.~ ·u~ 1.Q11Ull~s •\lftlber 4.~l"&t\."1 .o.o a pra~o~l us1~d'uJ.. l~.ittc• 

Q.i.. J i10:r~.tocy Ctl\li..111:>.b 'lt. Urxta®t~r there 

nt .appl.ieablo t. tnt.1 e$ ... O\ •d:d.o 4.U 

nWl:.$~ ret1,.11(1l~:~r.s &id imp:tii)W-

hraug :t. t orth in m~ qttt)nt. Qper-i-

t11.Ucn the ~Yit!~ . ,..'h.e u.thQr tco.'.s1 h d~ • l concepts 

t"f tha ,1eui&U 1ir~ .,,r;und, nd t 1t t!c a~r .. t® will ·~ll ~"9 tho ~e 

of demo:1fJtrat1~ t..v t.h'l) tu.et~t at Viri;inia. f9l.ytechni<l In~U.t.uto tl:ii;t i'act-l~ 

CG> c~~,1 1.n th• detiiilI'rnin C. in of .1:\eJllO 1 .. bar. 



N-o:- Appar' \"8 hat "111 1th t.b atteotts o! rious tut. am, di. • tero 1 

'IT•lo¢1Uea, a.~ "V'ia~o.oititu11 n iteyi.10 t:fat nu:n.bor. St.nee ·tii i:i tb 

p~ Of t. ....ppa.r.;i.t.\Ws no ~~sn ooifica.tions ·;dll . ;reqd.red. J.t. is t Kt 

~Ost: hopt1 rd th4 a:uth-..lr> hCr'W&Vii'U',, thct ,ird:,creft td.l.1 n~t SW,P her"JI $ld 

Tiie o;Jnolc:UJ• l ~ A.ppe.r uiJ, with the a.dait.io . of insv.atiQr. on t e teat. 

lint# a:ntl ~c~ur t~ trmvll!rO.\ur- rceordir~ inuti"w.u1t$ ~t sewral point.ti '~lone. 

'f 

t e rapid 13tQWth ot thL) Mech~io l ~~ring )e})anl'Jtent will ~ui:re a oow 

an<\ odocm building. Such ru1 eve.nt 1dU pNvido 1 ucell nt QJ>portun1ty for 

turt.h'U.r dt1velop~nt o:t' t o R~oldtllt rum.bQr Apperat.lm. It ia fiftrongl;y l"ecorn--

endecl that Uu. pos$ibility of' \~ir13 :V"Oi·t~n.l t~at linea be :tn'"stil•atod. lt 

the , .tori l for orie ot the t.eat Une • 'lbio 'Wauld ~atl.y «ict~oo the flex• 

ibility 0..r f.ha ap ratus by a.llo~ th~ du.11l1c .... ion ot Pro'". : eynolda' e;x .... 

\ 
'-. 

\ 



1.'be autn<Jr iu :L~ebt 4 <) lqttoe~\4 Pr~r. c .. E .• fl"~t, A~1st.Ant f . 

• •; • " l• J Inst~ iot>d ti r t nolp n t esi . ctt, ... 

'n.iit"!Jt.+.t:~-, tO 

foll' their .· 4 in tM tam-:t.oo.ti ·1 arid 

etua.l co st c J to Dt" .. · .. • L. i1 

Poi,t•cN.U.o lnoti\uk " ~db ~~nt tor> bit 'W.li.!Ahl m~go.utiona l"lr 

G&rd hb pro au t.i. ot t.hb the iii . 

JX1¢i~l gr.at.it' • i due Prof. • D, Jona or 'h a adri.ctl: &nd ncoOl" e-

.tlen~ in conn~ct.1on Witb t.h• wr1\ibg ot tb1• t"eport a1 lar bis -~ ttw.t 

ui . t .tmd llli& m - !li:t IJJ!Y to J.d th ppl!Wt\tUS • 
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