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tln-'ou;h the flcYi in 

To actcl"T:line the ~-i.cJTnolQs ' rl1ir::bcr ~t the tr0l1si tioD from 

The renIn of fluid c1~/l1c:i;~ics Dnd hent transfer enlc:rGcd thoir 

i'iclds b;y the introduction of dimensionoJ. analysis ':;,I).d -the diri1cnsion-
1 r:,r:<~' ";"O"D'" ':'11'" C'lOll"+]' OXiC' "'r'c '01'_ oU, .. -.. l •. }+ _vloJu L::- \..1._,,\;) • .J.. \;.t \:.: i"",,,(""l u. _\oJ L,;" ,_ \.I to farinG tl::c. t C8.11. be , dl ~ 11C,\11 ' .. eu. i'flOrC 

onsil;,!, by nrrc:n[.in,c; certain c .• rouP8 of propertieD, c.nd brinL,:i..:1G them :j.nto 

dimensionloss f'orLs. These dir::cl1sionlcsG qurmti ties hnvo In.rce ciC:rii'i-
~' , 

I 
C[:U1ce in cn: .. ,inoerinG pr'oblc:ilD. 

In the ec;rly 20 tho centur'y introd~:.cec1 the dimon-

E?ionloGs quc,ntity lTD P 
? 

Ti1 thic nW1ber V denotcs tl1c vclocit~i of' flow of the fluid.In C~18GS 
vJhere tl'.8 viscosity of' the fluid is hi[;h so the:t it CLm not 00 nCGlcct-

in tho 

HJLe ,denotes tho c.vor2;;e vclocit~r of ·c.he :21o\'T 8tl"'c::'.r;~o 'ihis fo.ct hQ8 no 

.i

l
" , cd o.n6. o.::')Sl.,UnLl;~; c. pt::tI'nbolic "iJolocit~r C:L stribl;:ti on , thcvclcciy 

i cOl1s:i.dcr"ublG G:;:Ccct 011 tho Tlu:-i1bcr beCQU[3C in turbulent :.?lm:(c. situc,t:k7L 

i on Y/11ic11 ~):::~5\Ti:dls . 1 y:ost cn::.:in0(";1~inG prob18,,~G ) the voloci tJ' 0id:C'ibuti­

~ on has the follm';inc fO~r:':L, 
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D is Cfl11 oi t[-LC1~ be t.l1G 
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h: turbulent :Clm'l the obocrvec, to L1i::: in 
tubc. The rr~otion of i'luid is DD:)~l-'cntly 

i;::i'lu01:C eel by -the prevo.i1int: :forucs. The friction.:::.l forcGs 

, tl~ () -;:'l'L'l' (1 iT'; r'O co"'; t~r + nr-(~l 't" 0 C ',r:'" +i"~: i ", t 11r.) Y~,o+ ';0"-1 O'? ·r'll' -,L' d '_11 D;'._''','''_,llr.'l ... .LV ... _- '.. .. • ...t.0 v_ v v ....... .J. . .1 '-' __ ~ v_ t ... _ ... _ .. ~ ~._ v-l.. J., __ 4 _.. ... :. __ ~_ _ ..... 

due to tl:c f223S c·.nd tho vo10-

of £'lui6 p2r-ticlco, tc:nc1 to c1ifi'U88 :Cluici pUl·ticles"At 1m'! voloci-
ti8S the :;:':;"ictj.onn1 :f'orceG proc1uced by the :fluid viscooi ty o.ro p1"0QO-' 

tho :LIuic1 l':-,;;lcr'c brenk un into Q turbulent :rlor!~ 
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I <,111t:'> t""e 0 1,..1'0"" .l·1,hi" " of 'CLiO con2tc.T.'.t J,ovel "t8.nlr.: \.:CY'C Dol:'10,·t:~,ylc;ne i .oJ ..... ;,..;.. •• ' ....... t.,. - l,..'-""~""".ll.", 1o...J _,~ 'V ...,. 

I onOG bciY~,:,; t:"'::l:cp:.::rc,Yl"t, i:c onlcn" to control -trw l'O~_,ulc;:ri~cy 0:[' tho i'lmi., 

I 
'rIle inlet ','IC,C then connectc(~ to [\ x-uobol" tUDe \':hich 17[)'3 CGl1I'lcctcd to 

the "tq-:,. 
l' •. _',o.,-(' • .L'" .l.l'~,·,,-i' o'r' --1J 'O"'i1"1 ". '''',.1'1-'''' +0'0, 1""'; tl'-""'OU'."l·' -"1"'0 ·t'L,10"" ",.,(1 "1':;·~';··-,,-, _ _ lc_ l,, __ v -'-uw.... ...... _ .. .1.~'"'_.t..,"-"J... v _L4.l_ J~ '~Il.t,-«.J. ... \.;.."-'.~~\.t,...;_..i.~ ... j __ .i.\~~ 

:;:'or tLc lo·,.'Gct poed.tlc pOf)ition of' I'lo.tor level the cJ~~c 

L~l ctcpc cl~ps 

ctudicd. 
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I I rl 

I L.S 

~:i.:ftcr tho level l"CDChcQ c. cC:L't.:'tin Dcicht turbulence bcccn to nppC';- B, 

i'rom t~~e CLd ;);:::rt of t!lC tube '.'Jhich L\pproc.chc(~ the injector, nozzle 'III 
tLs- vcIoc:L t:y ir:CT'OD.fWG. 

j)""""r~' '\'rr,~,' +,c,,1,r"'11 -C-\>_"O~ '1<,-1,-' CO'·.L-·-'-'0("'onC~.'1·n-"-· -_'iC-.~,,~'l':ol(~,i_r~r l"Y.'U'Y!,11"nl~ ·-·n<., i-;·'Jc·11'_0\.~c:; I I ........ ...,'-1, ;.L.,_"",,, v ... ' ... ~\J_ ... ,I.....~_.l. ~ u"'........ _ 'I." .... :J..;: ___ ! ... _ . ..t'*U .. : _ _ __ ~ \-iL~v v~ ...... ~_ ll.. .. _~ l..\,,,;: '. I 
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Conduit QiOl~1C'ter: 5/~6 in. 0 
l.'C;;lpG!'2.turc o:f fluid: 15 de.::.;. C or GO dec.F. 
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cL'.n be seen the 

c::pcc ted thooY'c ·ti cc:ll~l. 

it 1001::8 [~L:ple e::pc1"imcl1t .1(11C EJOU:;:'CCfJ of' 

Qr:lico.cy c~pcri2cnt crises 
tho.. t the histor;y of. tho :flo\,1 effcctr.;- ;;;:rentcly the c:';:p orimcnt. The 

of the e:-:pe11 }.lTICllt [;1"0 the :rolloY.'ine:.;: 

I ~Com.:t~:.llt D.llQ uni:CorEl :C'loi'! 

2 "l~ropeI' iT;;jectcl~ nne: i"!:~~) ~c ti 011 
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lovel tc.nk Lnc~ tile -Cutin::.:; cl':'j21's ':!ilic~1 ':iGJ:'C on the pol~'C'~?l;Y' lcnc tubc['. I 

I 

C ·'rl~. ',.,,""!r.-:- b0 -'l-n,1r8r' ";10+ +0 ll~("'un r.·(,!~! ~·:1.·1" tt)u1'blC'! "1"'#, -'AI-l"':~ +llbc'''':''I 'U~rl""n nT·:\,"·l .. _. (,... \:.:. ............ 1..,.)' v __ .. l.. ............. _1 _... v v _ ... 1...\ 'I '- I....--v - '-..,. .. _ '..J ......... ~ _..... t...J.. C ..... ~ u ....... ~_ l .. ) V'-""_ \. 

J."p, +,~C i,',roO',-'lO'l(·'(·t 1"f' {'1~'U 1--'lhblc c. "'r·!:'> le";:>+ -'-he-v "0+ ·f'r-,,,·r, D" t'i~'lO 'Y1C.1 (-ic_"t ~l. ..... .:. v ... .! .......... _~ .. ___ ~ .. ~ ..... "" Co J.. -\ ... .Lv L.-1UU -.. 0 <...-. v ....... ...L.. .... I,., "v <':"''';Jvv __ I.-: () ,_ .. 1- (.1. '.~_' ..... I 
.!l·U·t"}'~ i·hp. 'Pll1i Q~ +1"11'1 C~1l1r,1i 11" +l''Y'''Ul Cl'lcr'.I·'c 'j", '1"01' +"-..l." C.~ ·("ur"'r,.--.,-:r. ~'ll"+ .j + .; ," ~ 
~~~~C~:··.~O-~~~ t;:;:P::~~'~~~--~~Ul:::ul~:~~ ;Olyc:;\/~cnc:" ~ -~ ~"V"~ u. _'v ~v -'-. i 

~ 
~ 
11 

;:;incc tho velocit:i o:f the flo'O iG n i\mc ti on of position hOLc1 
r r>';'ovi (" r.-r~ ... h. r,...·~ <" 11"0' J.'.--, ·t;,·· or:'Y:1 • 'n'!' :', ,-,-t J. 0 -' -, to .. n, '" y\ 1 ';'1 . r" '"\ ell' ~ \ l:'~ ,- '.~~ 1, .. C: P ~'-" ... U_ u .. e v,-,_l.C O~ l,., Co. L."~8 COL ,."J. __ or "'HL v.10 G-"'''''' ~ 

tubc c::it SO th~o.t the pressure hee-.e is zero), the flc·w-r~,tc CQn be udjl,;;;t ~ 

cOnGt:mt level of' \,:2t(;J':~ Since the ~ 
[~r(;c. i 8 C O!!C t~;.u~ t i:l 

II 
eli vidinL: the :flow l"c,tc by ttc I 

ol'cc;v:;:'bc oated.ncc; 'vclocit:l is the 2Vel"n:.;e velocity of i'lc:,'o'llhe flo'\'j n.tc: i 
tho velocity o:\: :flov!' c[m bc detcrr::inec1 b:,/ 

L :C'oc~son t~;L1t the c1[:~tc td:ch '.'lere npt :30 ~:ccurL1te is th.:::t, the injec­

-Cor due to :i.. to sbope cause( Dam,:;) turbulence and the f'h:ti{; rw.a to bui16 

up ito flol'; cftor i t ~;ot free :fJ."om the effect o:f' it, but the injection 

rms dODO bOlore fully developed floYi \'JCts est8blishcd 0 

The i'loi'l \,ji thin the tube conci stcc of t~':o pr:.rts. One thut of' ths 
'to:; 

\iC;.t~;::C i'loYl and tbE) other of the dye 0 l'noGo t'",/o floYIS hL1.(] to b('. siLlilnr 

ths. t is tile tV10 veloci t:l. co hD.(~, to be CqUCJ.ol'O:· thi::') purpcDc the d~ce 

f'2o';i 112c1 to be nc1justcci t.o the.t 0:[ ':.'atcro'J.'his c6juct:r:ent WD.S ::LloSt 

! 
~ 

II ::;:::.~:~! t~:;,~~:e ~~~:~:~l:~:-:~~~;'::~~;~~::::,~~~'!~ ~::,,~:,:~:~::~~:~ no t 
i1lle i11je(:~tol~ ~~"i::~8 COllrlGGt,cc1 t111'40l:'~:.:)1 1J~" 8 r~J12tllJ·lc;J.c tube to G i'Ul::l1cl 

~ ',',"hie h contc~i::1Cc1 tl'lG (~TC. (not ~Jho'.'.:-D. -i ~', tJ:~c: c;iC'<~r'::'.E-J 0 The f10'J ~cntr'ol 
~ 

I 
o:f the dye dye Vilich hsd to .. be in tllO ":~ r~·., <::'" 

~ I .... ~ .• ~J cone 

to bc.ve 

2.};ot to :forl] Cl pc:X'(;'.bolic tr'c.jr~ctGry in 

viscosity 

'1:110 DOfJsiblC'; rJyen [l1"e: 
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Ii ol~Li.!.O / c:::.~~yf;~t;_:Jws:·.:ll1G c~;;,,,c \4~t:G I:'r·c:pc.<_:r~cd 'l)::,r ~.~::.c~:irlZ y;t.~tcr·tj-lI·~CD~Cll 
'I" 

-t~-lC I:l..l"}O/._ c:c·;/c~t;.~lGoI·l: is c~ ~'.Joo(l C~2/C: .:~~o·t e~_~.~:Cu~.1j .. r}.'_.: 2'11C~ ~:~:LGO 

the VC10C:Lty, the 10':/01" t:1C cC:lccnt-

It is Q l'::':Ct th~'i.t c.ny J':'ol'ci::;n nc:tc.rioJ. prccent in a :fluie ChC.IlL,8S 

its Db:/ sic2.1 Dl'o"l,,,crties nDDI'ceiebl v. Thus the KL'':'''1C,l solute c,I tho1..'J:h ... ...... ... ... u _( -.. 

: .i::in:.., in tile ):'lon strCC'.E.J:n order to [.'"1101,[ preCision C.DC: to cyoid 1<11"-

ce CI'rore in tlle (~enGi ty 2nd yisccsi t;y the c1;}' G strc8IJ. l:.USt be et3 thin 

Since tho 

I :Cluctll:",:cc ~~:t 
I be tt::l::sn to 1et \":c.tcr :i'un 

o:::'~ it \,'20 apt to 

Ie tel-' ~ Co.!'€: ::,ust 

I 
I 
I 

bCC[;U.8C for' 

C.lr:lOGt double:::; 

1/20 
is to 

0 "" .L 

c1Cl1si t;)' docs 

~ ~~ ... .... ,,\ 
)u nC,-'~F the vJ..:Jco~nt~l O~ '::e;tcr 

!;:ot Ch:;Il00 npprcc:L<.:bli, ,<.::·0 th2t i:118 

crib.c::::l vc~Ju.c 

is 
., 

C OI:'C Cl"lI18C 

~i.'Le ~)21 ... t th=:o t deserves cd:tention is the cont[.:i:c~8r e;nc1 tl":c iI"l,jcct:i.cn 

p:r'OCC~JG 0 

.. - .. -------.--~-------------------. - -------~.--~------~-----~-- .- .. -
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:30vernor Co. 

~ .. :'::.::il.UD spcsd jCO rpm. 

3CO rpr;:. 

: 1)0 DI'(:CGll:CO 

I I) O)cn cooli~~ v~tcr vc.lvc to \'!o.tc:r.' ;j:~~c1:ct. 

~h(;cl: to that the 

is 01)C!i!o 

',V, "1)"" +l_.~ .. _ •. l)r'-"'-:· .- '"'ll'll:-~ 
) I ....... "-;~c \,ILl\.) 'J~" ~1.....-1)l.lc. .. ~uQ 

10 stop the cosprcssor: 

tc.r.:l: ope:1. 

tIle 

tile v:::lvc Dstwccn 

-ccstirlC is 

';'~"'n 
lrll\.... 
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of air at ori~icc 

of .... ,.; ,. 
;:-.l...!.._ outlet 

~rCODurc potcnti21 acrOGS the orifice. 

L>:'~I·orlG~tI"~ic l)rcc~su:-cc 

InCic[:tOl~ c~:~::'clc 

0i:,:cillC cOll8tc.mt 7C Ib~jlin2 lin. 

CI'ificc C::iL,:lC'S8l"" 'l/D" 

.,otar C:L:Cicicnc~T 

~elt cr:icicncy 95 ~ 
'1\::1:0 C = 0.623 

!:'C"l:r:I'::~\illC : 
C:£::rccci t~T 

.:)2:·~,;·:C IrF .. 
=acctricc,l I:2 
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3CO rpw. 

ll:dt:;.ction L'otor 

1:06c1 no. 

C;ycls: ~o 

1.ull 10[.\6 fJPcccl : s.;o rp';:. 

1:0: 413202;;: Ii: : 5 

CoritinicuG 500 c 
General ~lcctric Co. 

incl:i.c:::.tor 
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True: Te:.uber 2nd Co. Zurich 

Cncrctio~ 2nd procedure: 

for the teet (;ondi -lione to bcco;::.c COIlsto.nt n:Ctcr r:. c11.:::r:20 c:.,.'" p:ccGsurc .. 

;'.lU.lO'~.)l ASl;::8 Poy/ar CocJ.cs roccommcrl.d one (lOU:C to be tile r:-:ini':.:l1~,: 

corl'cct1c;~: 
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Sneed speed bC1~CJ:'C 
rI)ln. l-pm. ol-j,:Cicc 

°c 

970 ))5 2102 
St48 ))0 "):; A (.;....,.,. . 
942 )27 II")':~ -: 

~\,.). () 

(1 t;: (') 
;,'.,IU ;21; 2~;. 9 

926 "7.')'Z 
./ ... ./ 31.25 

904 317 32.3 

ji:'~il l.).~~~l~·J.t.:,"~ ~ 
" c 

iJ.'G;.~p • 
C~f~tCl~ 

O~"6-;"i C" J. ............... 

(1 -
v 

;'0 

52 
,- ? 
c..:J 

70 
'7,7 
I".) 

2C) 

__ , _, ____ ,--.~._-i:;l:l...__,_. __ .;;..,:.::..:;:;l.;..., _____ ...--,.;;:..;.;~: __ _ 

Clearance 
o. Z~ ~ :5"7"1, 

5 
6 

.~ • . ~-r:. 
":"'.a ->j 

5 

6 .. 12 

~ { ___ -1..,.1 ... 1 

1- :~,'p" 

75 
" II 

11 
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1) 

II 

'
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" I5:3C 
II 

/I 16:30 
II 1'7 
II 1?~30 

of' ·.:Cloy.": 

d :::: 7/C" 

PAGE 6ft 

'. it :::: !!:... ( c. Cl5 ) 2 r ,~r.. 1'7 -.!"'.t2 
4 12 - = \.':.I.)..;l; -

32.2 

h ::::DrOD [;:t orii'j.co, 
- \'l ~ 

h =(C.335-C.II) x 2 :::: 
\'l 

f ~:::::ljcnGi ty of e:ir 

I ',':h81'O: 
PI"'OSC:. =30. 18 'rJ.r~~t' 

\ 

~ 

I 
I 

;:=30.I8x1<.7:::144 / 
<... 

C.071t·G 

Q = O.G23xO.C0417 

Q :::: 
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b) Dct(;;l:'Lin:xtion of Isotherm':;.l }ll:> 

1::> ~ 
.i.} In o/P 

D. D. 
Q= 24.:5 ft) /Lin 
u .-
.I,; -a 

p ~= P -I- DiGch:rtc; n'::'CSGUX"8 Cl 2 .~ • 

= 14.22 + 25 = '.39.82 p3i 
lIP -

liP ::: 1.56 

c)Dctcrr:-dncltion of 1ndicD.tcd HI' 

.d) 

p~qL1u'r 
::: 3Sooo 

EP == 

pTI - .1-- ". 8 ~l.L- __ • L
t 

DIP ::: ::> 073 

::;::; ceo 

PI I"rcC! of indicc. tor cerd 
1l:::1CIF,'th 01' Cf,rd x8princ const.:mt 

u 
" -'. _ _ . "'-. 2 n'-" A • 2 Aro[. 01 . .tno. eara ::: ) 0 J8cm ::: L. )~li- 211 

. Sprins conet:::mt ::: 70 psi/in. 

Len:3th ::: 75 ITh"'1 ::: 2.95 in. 

P 
III 

0.324 x 70 
::: 2.95 

1 = 4.5 in 

i tr'/~ C' ,-,2 1= I "t X ,+ 0 :; J. 

E= 330 rpm 

I~E~0r of cylindcro ::: 2 

c:f:':f 0 • 

Input ::: 23 de[;rces 

= 23xC.I50 ::: 3.45 
Llotor c:f'f 0= 0.85 

Belt {Jff'o :::C.95 

l<:r[ • 
I ' ! , 
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c) lJe: t crminD, ti on of c 1 c c tri c<::l UP 

-- IrlDut (D:!) - II Input::: 3.45 Xv,'. '1 

746 . ,I 

EiiP 

3.45 EI-L? -.. == 4 0 62 
0."{46 I I 

:f) Detcr.:-:,inQtiol1 0:[' vclu.:-::etric -c:fficiency 

-,-
-;"_1- )/n'; .~ _ v .. .t ... .l-..tl. 

330 

:n"r ::: 0.89 ::: 89 c;5 
\ 

.:J Dctc:n:lim:ttior-c·oi' n:Gchcmical ef'f'icicncy 

n 
ill 

IEI' 
DEP . 1li.P 

Eli? 

O '~('.7 o ./ ;; 

= I. ,;p 
":-u 

- ) .. 73 

h) D8tcrl~:in[\tion of overnll c:ff'icioncy 

r. 56 
4.62 

.. "") ,;-11 
1- \' :::-

J. J. 

~
v i:} 

1. - -
V 

IIP .. ~ - I .. 5G 
. ..lvc 

EBB = 4.62 

s::pc,ywion 

P J. :::1/; • 32 poi 

P2=14. 82 + 25 -~ 

VJ./v _ Ie/1 '2 - -
K == 78 mTll 

1 == 36 Il'v.'n 

- -- -- .. ~--.-----~--- ... ---.---.-

pei t 
l 
~ 
FI 

r.1 
_a-=uWLA.-J I 

-------l 
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n 0 l~B 2.14 = lo~ 2.685 
n • (0.33041)= 0042894 
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::: Il~ti::2<, 0 3~':·.1 e 298 
))C{)C(i" 2ge-l) 

I-IF = "T. 75 

1) DctoJ'::du"tion of cOLlprcGsion efficiency 

T.J 
1·

C 

1-;:-
i'C ::: 

F 'c 
::: 

nl;;' 
11rn 

(;.:):58 
OoYff 

0005 

Ref" ~·l.pplied 'Ihcr;;locJ~lnc:_micG b;y 

~10: Co ))8 

n : C.397 
L~ 

n) Dotcr'jdll::~tion of' evan.';l1 cf:fj.cicr:cy ~mc1 cor::prcGsion 

b~G8don adiobctic cxpLnsion 

E}1.P EP : 
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:SUP 
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(:.379 
:::: 0.;9'( 

n :;:: 0.905 :::: 90~5 % c 

n 

° 
:::: C.379.(bosed on cdicbotic , 

11 :;:: 0.397 m 

8:~pcmsion ) 

n) DctcT'i~jin:1"ti0l.1 or hC[tt balcncc 

Coolin[; VI2.t:el~ 

i.;cehmlicDl loss: 5 .~~ BEP 

Imperfect comprcssion lacs: 4 5j EEP 
Cooling ~Qter : w C (t

2
-t

1
) 

Input :;:: D:fP 

IEP (ou tuut) :;:: 2Pll~H_ 
-.- )000 

- VI :;:: \"icisht of' cooling 'Nc~tcr :;:: 12300-Torc 

t 2=6utlct tcmperDturc 
t ::::i~lc~ tc~~n~~+ur~ ~ .1.._ L "'~"1# t.,.:: ..... L... u \.,; 

time of f'lovl :::: GO [;oe 0 

II-il) :;:: 550 i't-lb/GCC 

:;:: 10620 GrEi • 

... ,0 
:= .J.l~ C 
__ lIoe 

nr20 - (-' T~) ~-oCC 1 :::: .1.00 ':::.1:;:: J.t)--.L.J.. ;:: )J..;.i;, CD 0 

I cnl. :::: 3.087 ft-lh • 
. - 31900 x 30G87 :::: 98400 ft-lb. 

:::: 1640 rt-lb/ucc. 
:::: 

550 

I 

I 

I 

Input::: Cutput + Gooline Y;c\-'c.:::r -I- LGcl"lcniecl"loG::-: -:-
CO:T,P- I 

! 
I'ccciorl lOGS 

'3.73 :::: 1" <-8 + 2 0 98 -I- 0.186 -I- O. Ii~ 6 

'301'5 :::: ."" 795 

:::: 128 ~j 

. I 
, 
I 

t i 

n. __ J I 
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the: results obtcd.nce 1<": the;;\? tYiO n,:;.nc; c:.:hibit J.[~l\:C ::..J.1.1C-

in thG t~l± inc~cccC8~ 

T11C 

00 

Error 
(i,i7.1_,o. 

C;·cllc:-c :C[.cC~tOl"'8 l)cirl{~.~ CO}1S·t~:nt, iso·tllCI"'I!lD.l :ElF i3 c~.i~f'cc~tl~" rlcI)C11c1cr.:.t~ C:Ti (~o 

I:1cJiccccc: EP iG 08pcnc'!cnt r;!Qinly on iI:dicator c;;::,"d dilI:cnsiol18 ::.md 0::':' 

the X'IJE; 01' tho 00::1';1'03001"0 

Input lIP, \'ii tll CbWytcn-c ~,:otor ::"l1Q belt c~[,ficicncics, 10 dependent O!1 

IEP .. 
The curves :f'o:c' tllC volumetric efficiencies e::hibi± ::::'c:sults very nu.',r 

to +h0o~~tic-l Ctl~~0~ (V~l+'n rl-~Mc1'o'oo~ l·-L~). ..... v ...... ~ J.. v _ (...:.._ -.. \ .... w. ..\.. __ \.I ,,".)0 .... (..'1._.1..1. ... ... , ."" 

The v<:,luc oi' lin II bcini.; :Lound n13 1.298 is i:c, 2-ccorckncc 

nnl I"csul ts o:f' 

TIle 

. cutOl'" 

c:ccur~icy 

cs.rc1. 

:Ln tho ci:.\lculatiol:: of' the v[;lu.o of 

v.'i th the no1'-

incJ~. 

I 

I 

I 
I 
I 
I 
I 
~ 
& 

I 
~ 

I 
---"-==--.---------~.~ 
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1TEST OF A 'l'HIl'LEX filii? 

o:f [~ 

pres:Jl..lres. 

D·Z3cr5.Dtion of the m:::chinc ,to be tested: 
\'Iol'thicton l'riple:: pump 

\!crticnl, single uctin[;, Gini..;le stncc 
Size SU x 6" 

Hnted discht:1"bC e8.pc..ci ty: 84 gpm 

E::,tccl spocd : 62 rpr:!c 

1.:oto:r:' 2nd pWJ:p SPOCC!8 

Dischc.rge QEd 8uetior;. pICOGu:ces 

Dist:mce betYleen prQO~.3Ure G[',[,GS 

lr:put pay/eX" (two \'7o.tt;:;rcter mctb.od) 

Qunn ti t;}T ai' di schor ~~c 

1'i08 of di:;;chLlI'.::;e 

0:[' 

L:Gtructiol1S :. 

I) 

9I;.~; 

2) Cheel:: the thrcc-pho.se. ;;to.rtinc rhcostc.t on 

it 11.:10 fDi::'sdi);Wll rcciotanec 0 It should be the 

PAGE 12 

, . 
~i1C tlotor 

left., 
3) ClaDe the 3-ph8S8 Imife 8\'li tell on the 3";,Ii tchbo:2rd.1 t is the left 

.hc..nd :::mitch. 

11·) Turn the stE:.rtincrhcostCtt to the to rc!:;ovc the t.:n:mo. ture 
reoistc.110c. 

6 runo by vo.rying the 1182,0. $ :~C:{jil1 ~\';i tIL 
.... *- T. 
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mo.:dli;um hcuc1 c;"i: ~.;.bout 35 :ft.Do not La lliC;£-lcr 01" you ... .,i11 ,stop the plunpo 

in tho 
runG ::;1'101216 be npP:L'OXiDctc1y the: time ncc(cd to fill the t(;:nl:. T~l:c 1"'00.-

cline;s every 15 or 20 80conds ucpcncUn.c 0:: the durDtion ai' I'i.l:I S. 

C<:-:1cul["tc: 
2.HP, .s:J? , nn) (BEIP : in cc tricDl 

1;'C tu.::.~l (1i·8,c11E.lra~~e in. i;TJItl 

"'J ("""'~'r-n :'o'pcC'U'O'T,";"» ~J.l.1P nl.. .. l,.-..:..:J.. ... ., _u t~,.,.;_ 

SlipPc-C::;G' 

ricchccnic8.1 c·f·ficicncy 

:-IydrD.ulic efficiency 

l'E~~~p cff'icicncy' 

Cvcr~ll efficiency 

\'oJ.u:u:t:C'ic cffic:i..CDCY 

;'~o" ,-. "1) 0 1:,"('. 0") .... I .... \.,J \,.;. ~ ........... 

c:fi'icicncy !:mc 

I I 
i 

~-.---.----.-.... ---.--.. ..: ... ---.---.-----.. --,- '-'---'---'-. ------
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FLUID LECHAl';ICS c.nd ITiDHAULICSLABOJ:0.·l.'lDRY R8PORT 

TEST OF A TTIIPI;EX PUEP 

E:·:poriElcnt No : __ l_·'t_.~-:,,:....C_:_G _______ _ 

D[~te of cxpcrimcnt: _________ _ 
Dc:. tc 0:,'.' report = ____________ _ 

SUbr.li ttccl by: ___________ . ___ _ 

SUb::1i ttcd to: 
--~------~--------~-

llODE11T COLJ..2;GE SCHOOL OF ENGll'D:ili:RIIm, Be;bek ISTJ.J·T6DL 



...-----+----

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

SEBEK rlSTANBUL 
, PAGE 

_Ob:jcct: to determine the cDpcJ.city ::md the performr:.rlcc Ch~ll'ucteris­

tics of c. tri plex IJUI:lp, opcr:::tinG '\'lith variouG dizch,""T'£8 prcssures .. 

Cbc.r:J.ctf.;l"i::tiCG of thCPUillP tested: 
'.': ··,.l·'nl' "';'+0'-' '~L'~"l' '11.,v DUm,.... " V ,l,../", .1.""0 \"r .... !,., . ..L .. 1 '-.t~.. ..uy 

V ortic:.::l, !.:jinc1e QC tin;;, Dincle 

SiZ8 : 411 x 6" 

0''''1 ... ; I rpm. 

62, rptlo 

stoL'Ecloirc Elcctriquc 
Alcliers lorrcine do J'orvi11e 

".otcUl" no: 70703 
Volte: 110/100 
Tours:95C , cicIo: 50 

C"h'-·"",·,C' ·I-e····'; "'tJ.·· c~ o""=' ·th", ·\·'f't+r~ll:'\tc·,.·· ... L".~ .. (A V .i _.0 L,,) ..j.. "'p..... 'd......... Vj .. ~"'" .}.--!... 

\'l£:~ ttrnetor de preCision 

150 volts,5000 obms 
~ . b m , 
'.J.T'U J.fH).g.cr 

AuxiliSt;{ eauiDuent:, 

ot Co. Zurich , 

VClrious ,[}::'[;DS D.na bt~l";nce 

.i\ t the bl..;cir..ninc of tho, c::pcrinlcmt the disclv:U:'L8 vol va of tbc p~np 

\'JDCOPCllCct, letting out previously built up prGssurc. The L:otor '\,,'tlS then 

connected to tho electric GUppJ.~7 \'Ji th the Inm:imur:! stnrtini; resis'CD.l1CC 

t.T 

,:it the sts.rtins.Aftor the E,otor hns stcl"'tcd the stGrting Gv:itch ::;1.::3 

turned from left to ri~:ht to remove the C.r'Li,2tture resistance i'::ccm the lt~O­

tor.A \'mtti~ctc:;r \,UJ.S connected to the elctricnl cireui t :to mC£:Qurc tho 

power that \'.'0,0 conm.ulled. r:ehe triplex p1.2r:p thqt 'W0.3 connectecl to the Botor 

viith Li. belt, bCG':,l:1 to opcre,tc& The dischorgc prcscure 'VJ<?:.[':, oc1justcd i:1";. ft •. 

0 :;"',' ,"" tnT' rl.+ {"';' c~rt,.,.;-, , t:".-v-(O'l '0'· ,~r: ':'l"'+';l"~ ':-h'''' a-"; <"'C"''''1'' '0 -·"'l"·r.~ ,:.' ... .l.,,~ "',..,.. _ .i,", __ ~ v ~ c:; "";..J.!.;..l.-v \.'; .j ,:,,"'J".') \,...l..o IJ. e .J..';" Ut.:_ : .. :.' \i ,-, \ <;.: ... ,,~ i.o~~.l.: ·.i ... '~' 

pllillped 1"OY' '60 sees. ~11d tho QBou::~t th::~t i'.l8.S collcctcci , \';0$ '.'iciLhccl on !J 
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Lurine the test a)'Suction pressure 
b) i\:otor specd 

. , 
Sp08C~ . 

were rccol'lQCOo 

The; c,bovo [ll'occdurc 

JJ:,) ~~t~ ~ 
-.-..-",---

111.).I1 

I 
'" .:::: 

3 
4 

5 
6 

7 

r'-i-))'~ ~~i-'I. t,,?)~t:Ol"\ "''I '1" _t ) ".A.l! .1;'-
pC-' , ) r'" (C'1 . 

"_"-., 'W (, 1> (:3UO .. ) 

:!:i~ I) {):t "''':' ~ :t:":..0:?j{r; 

965 58 210 -Ii-
Sl62 5(; :., -''''5 olo -3D) 
S!~/lf 60 140 r;t, 5 -;,;" 

980 61 100 -3 
881 62 70 .... 

-;J 

985 63 30 -)05 

9<33 G) 12 .. -.-." ."'1 ",0", 

-·0 , ~ : J.= 150 1.'.'c,tt 

Vc.J.uesl of Q :Lncludc the 

H0i~;ht between £,8.g08: 150 cr.:: 

,.;,t:ctiOIl pfpc ciie,;::lCtCI' : 311 

C::.~lcu12:tior!.D : 

Dctc:'mim:~tion of Inc1.ic::ltcd lIP 

POYiOr (~ 

'V", 
.t..\...,' K~'/~'1i ", -l.r'· ,."-~'-

3 .. 3 251 
) 255 
2.4- 258 
1.875 263 
1.575 26408 

0.975 2(9 

C. '780 269.5 

of 5:3 1::.)3 .. 

Fun .:GO: I 

PL:.E 

)3000 
L = G/I2 ::: 0.:3' 

A 

z ) + 
D 

::: 
IT. ') 

~ 
c140- = 

62 l"'P:;, 
.r2 ~~2 .. 
Ii~ -" 

_..:.o.~---.;:;G_ ... , = 

I2.6 
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0.-

"J2l 
::: \,;0 tor 

cb 
::: Belt 

efficiency 

efficien.cy 
p ::: 1575 Vi:.:tts 

iJctcrrainntiol':' of' ';'mtcr IIp: 

\'iHP ::: 
33 ceo 

2ICx62.4 ' 70 
X-:- x·--:O~, .~S:::"'8::-::---

35DCO 
.- I lIP 22 

62.4 

DetcrminG.tion of c.ctu:::l diocharge: in Gpm 

::: 

).72.5 

DeterrdJ:1c,tioil of Electricc:tl lip: 

::: 91 
::: 95 

Innut in 
:::_ .6 Inbut ::: 1575 w£.:tts. . ' 

2,,14 liP 

DcteI'i:dn~tion of, .. ccnnnic8.1 ef:Cicicncy: om 

8 
J1l 

8 
TIl 

IEP 
Eill? 

1.C9 
1.82 

== 0.6 ---

Detcly;in2.tion or .H,ycrr.mlic e:fficicmcy: 

IEP 

Dl~? 

l'~{"r~ 
al!-:r 

= I.C9 :':p 
4' r~,? ~lP ::: ..L. ,-,-

T IIp .I. 

. 

. PAGE 78 
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IV 
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~ 
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IEP 1.09 fIp . 
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;:: o. ~)IS == 9l.8 ~J 

DotorL:iuc.tioD. of pwnp Oi'i'iciol1cy: 

e ;:: 
p 

c 
p 

WEP 
DliP 

r 
0.55 = 55 % 

DO .. tcrmin2.tion of. overt:ll o·('-f'i Ci CDCi'· 
........... -;- _ .... J. '" • 

Co;:: EbJ? 

YlHP 

BHP 
I tIp 

1.82 tiD 

WHP I Up 
EHP : 2.14 Up 

e :: o 
I 

-0-';;;;"" __ :: o~ 465 = 46. 5 ~~ 

2.11;-

Dctcrlain~;. tion of volumetric ciYicicmcy: 

Volume of c;ylindcr ;::' G2 ( 12.6 :;: 3 x 6 ) ;:: 14000 in'/, I).in. 

Vollli"TIG of' ,vater punpod ;:: 
62,:4 = 12800 ii13/ min 

Volumetric 14000 - 12800 
;:: 

.£4·000 ;:: 0.86 = ':-i"-ei Cl' rnc~r G .......... - - _ ..... J 

Deten!:in.:;.tion of' olippD[;o: 

o = I - 0.86 ;:: 0.14 ;:: I4 % 

·-~~-~1 

PAGE 17 I 
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I
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Table ·of Hcsul-cs: 

hUn. BHP EliP ItiP \{flo'1'BIi. t;1-IP SLIP e cT ¥ c C VoltETlGtl"ic 
I):tSC. ITl 1::. p 0 0"1· • 

GI l :1. C~ cncy 
, gIJr~l 

-

I 3.82 4.42 3 .. 04 51.,5 2.78 9.86 79.5 90.5 .72 .. 6 65 90.1<1-
2 ) .Af) 4.03 2,,78 53 .. 6 2.48 9.8 80 80 ") ,.tr.;. 71.I 61 .. 3 90.2 
.-;' 20'/8 5.22 2.,12 52 .. } 1.93 a 76,5 91 69. :5 60 (.-0' :; ,. ).I. 

4 ') 17 c... 2 .. ~)I 1.55 55.5 I. ~·I 7.5 71 .. 5 91.5 65.5 5605 92.5 
5 1..:::2 2.14 I.es' ;:..c 

-"u I 14- 60 S)I.8 55 46.5 Ss 
6 1 .. 13 1.13 O.~·7 '56 .. 5 0043 ::: 0 

~.", 23.6 91.2 58 .. 6 ))04 91 .. 1 

7 0090 l.e'l 0.18 56.8 0017 9 20.6 9)oB 19.6 16.95 ".,. 
~.J.. 

I . 
. Conclt18i on: 

L\.w to the chLll'"'ccteri::3tics oi' tho mptor, the pUDp ic rLlTl v:ith G. 

sli:htl\: v~:;ri:::.blc: t3DCCG ,'.:lhich' influenceS the resluts obtD.irlQd.:l'hc 
\.,..... t,.. ,", 

1"co1::1 ts .shoVl dcvir.;tions \'Ii tl~ the v::~lucs L,i von in hs.ndboo;:s .. 

The;. [u:1in itcr;; th:.:.t i:~:i'lucnccd the E,ccuruc;y of the r'csults,i'!as th2:t. 

-ahen ,-,nINes., were ~lOt propcrJy :functton-

, 

inz.lr:.ls-t 8nd outlet v[.;.lves ,. .... :hich ;:.s'e lOCD.tccl before the three pistons) 

o.:Ld no';;' ;..:) \Te' out the p:boper' C'.::lOUl"lt of i'lD.ter from the I)iDtonc. 
j •• 1 '. ccur' ';0'" \"(':O"C u ... 1'·'r10""_voa~ ';n 1·.,;e; .. :·Il-il'\ • .".~. t-hc·'· :,.pr::rec~~~o c J.llL: ~'~c.!.·..;;. _.. ""~-' .J.. .. • ... __ r .... ~ 

C ollcctcG rl<.:::csr. , 
It. C;)l1 be concluded. in (:cl:eI'Dl tbe:t the efficiencicG [.:1"c quite 1m'1, 

but .:..-:3 D. \~'holc the cxpcri:::c:nt c~w" be c0:18idcrcd to be c. sct.isi.'eoctory 

onoo 

I 
I 

.~~ __ .D.~' ________ ' ____ • ______________________________________________ , ____ u= __ ~1 
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PAGE 8.2 

Ob ;pct· q..J • . To dcter~il1c the pCFforawl1cc ch:;rcctoristicG of G ro.ci.?l 

(;1)C::-~~. i:io11: 

1'oi (j £':J.1'1 i ~: 

2) C]_os:: -tb.s j,:-G l::o''Cor SlIi·Lch 

:3) ~)uoh lever on ;,:-0 l:lotor stc~r'ccr i'or;'!o.ro. until l:1.otor rcnches npnce.. 

Then pull it :t'or';:2.rd quic;-;:ly E~l'ld scc catch to hold it in pIcce. 
·4) Olet 5c 

5) CJ.os;'; 

rl1~'O c t·~··c) .1 \",; u 1,... CJ 

8v:itch.l1hc (lieGe]. c';;i tchboC'.l'c 

2) I'uoJ:.l [triTIcttu:cc rcoiotcmce rhe.o!Jtct nIl the r;ny tc -the le:L't" 

;----.-:----"------.. _----------.-----

I 
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I 
I 

Tc,;:;t the :Ion Qt t;hl'80 dii'f'8rcni; :.:;pccCls .For ec.ch cpccd take II:.ensurc­

monts . r.tt 02c11 of' thci'i ve c:dt opcninl,;C. (open, 2/3 ,I/2 ,1/), closed) DF01"> 

c[~ch run FlC8GUro the VGloci t;;- prcc:;urc c,nc1 the tote:l pr'CDGUrC :::::t threo 
cJ.if:f:'ererJ.t pO:3itiorls Ctc::. ... OCC· the clL:,:i;lctcr of t}lC ,Guct ;:~nd c.vcrG.Cc 
( ,.., - t .. , 1 . . "'1 - . '10 b ., ~ "'or <-. "DC" ".'f'rt'l' ~'':l'lnr.'l· 'j' 0"" ",0.1.'''''0 ""'''.<~a''n'·"<' <''''OU ' <, """'''e''l <~.1'-\(' .J.. ,"-~ \".l... ~¥- \)04, -...\...,.1 .... _ ... J,\.A ...... \, ';'0_ , J.. ...... t....I ,.J,... ~v U.~" 4- C \"" ..... -.,\OO~ •• (,;j. ~ ..... 

dines plctted vcrcus poci tion in duct). To co.ve ti'i.8, :L'i:cst rond ~11 tl)J:8s 
velocity h08.(10 .::.:c.d thcn<:";ll th:r'cc totDl head::::. 

VeIocl ty hCD,G. 

:Duct di8Lcter 

L;otor speed 

l)ullcy diomctors 
it; Y' '<Toloci +y. (u""; 1" n ... ,)._.... \0 _ _ v v_ .... ~_: ... 21lCmon:ctcr to chech pitct tube rcadingc) 
3.s.romctric prcssUJ,-'e 

bulbtcmperl1.tures 
1:fi'icicncics of' tllO motor for v3rious 100.o.s L~rc [:;i verI 

400 

500 

.GOO 

'leo 
()oo 
900 

IOOC; 

1100 
1200 

25 
35 
43.5 
50 

56 
GO 

(5 
66.5 

the tebIa! 

For duct friction cOl"rcction c,nd. [;cl1crc.l in:Lorr::c:cion on f'c,n chc.r(';ctol"iG 
tics ,conr.ml t: 

Kent r s Hnndbook,Pm'!(";r Secto I-55 :::nd 1-22 

.1 

I 
I , i, 
t 
i 

I 
'f 

I 
, I 

! 

i r 
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Copuci ty 

l:.ir HP 

Fen c:Cficicmey 

Stntie :fen cf:f?icicncy 

Ovcrnll ef£icicncy 

Volumetric oi'ficiGIlCY 

Discl1EI'L,C prcGsurc 
Air horscpo'\'lGr 

Fon efficiency 

Cvcl~~;\ll ef:ficicncy 
2gainst 

CGpC'.cj. ty in CFLi for Be.elL speed. 

i--___ .. _ .. ____ .. -'-_. ________ .. ____ ~ 

, ," f 
' , 

i 
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L';oE FLUID L;ECF.JIlJICS Hnd HYDllAULICS LlI.20?JSORY liliPOHT 
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:0}:ocrirwnt iIo: Fl.). 07 -. ~~~~~------------
Do:te 0:[ cXDcr'ii,wnt: . -----------------
Dc;to of rcport: _________ _ 

SublJ.i ttcci by: 
----------------~-----

.submitted to: -----------------------



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBE!{. ISTANBUL 
PAGE Jj6 

Ob:iCct:. '.I'o deter-mine chtiractcristic3 of a rodi~l 
:fe,n y;i th f'or','inrdly curveD bIG-den b 

48 i;lc.des 

1 ) T:'~ J (" + }> . • 'I" . 11 .~ .) .J olE ;:;'0 CO:L
1

: • .)OC:l.8 ve :r'o',lJ.ncJ.~':, c ,l.;c~rsc:L. __ CG, .::rGnC0 

vO' + ," • ~)20 "'.: ... ~ • ')2 ~"D''-'' 2",r10 ~ ..... lJlt-J__ ,c.. .. :\.!j •• 4- ,--1"';. \"\.,.0 
. . 

c) I~duction sotor: Ge~erQl Eltictric Co. 

vol te,: rpm:IOC5 
HP: 10 

l!a,,:c tro ])-yn;:'J11i c Co. 

volt:80 , amp.: 56 ,rpFJ:7CO,KVJ. :4.5 

~ccCG~OriC8 u8cd: 

G) CnrOl:omctcr 

b) ;lind speed Y;](;&\8urinc; instrLlI11cnt 

c) Zllison drcft gQ~C 

'Procedure: 

11ho :L('U1 \':':0 tested utt,.':o speeds .For e[lch 8PCCc} r:lCD.3urcrrlcl~tG B.t ench 
o. f tIle f"i ~ .. , ('\~~i t oDcnir .:"., (oben ;);1'-. 1/2 T I~)' C-1O"(0) v'erG ..l'Ml~(m ,,;r'~loci;l-~r 

• .J.. "'It;,,:. -.....".L.. 1, ...... - l.;.:.~Q ./, ....... , - -", ., _I ,~_ .. .;) .', VI....4v.:.., _0 'k~. U
v 

PT'nC'C:'u'~"~ '-""c'! 'co"''''l ""··'''''·<··''l'·r''' i'i c
,"; "·'·".f'''.'·'·r~''''('i·?c'''' ~'''''cl~ I'-'~ .··;"n~·' .1. 11i"':\ (" C'-\'f'-"'C-'::';-'!' _'-UV .J..~ ~.l.J..... l.<';l. J)..l\.;:uv ............ (.: ... !,J ~~ ... I ..... '-..... '-;'~_t.;.;w~ _ 04. "-10..-. j _u_ .. ,_vJ... L ..... ~,Jt ol.L_...L. .!..;.-.,;..t~ 

they Vlore Dlottcc.'i " . 
sitton in duct .. 

I I'irst Qll tl:,:C'so 'vclocit;y heads I'ICre T'CC,Q ,~;nd then the three tot~.:l ~ 

Il'c~n " I L ""''-!w'O 

~ 

:----............ ------.------.---.---~---. 
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! 
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DD."'crt: 

V.c-":PC I"r), 7oT/J,L 

P,('c-S:>LI~E pRC:~.5I/RF 

INN " ()/~ r/ (),".J-

;."w""[' .L 

open I C.17 0.16 0.29 0.29 
0.16 C.16 ()0>2Sj C:,,29 

2/3 2 C~i) C T') 0_(;' 0.29 0.29 

C.~3 G"I3 0.29 0.29 
1/2 rz 

;) C.IO CoIL 0.30 0.30 
,.... '1 r, 
l..I. -,-u C.I0 0.30 0 .. :;0 

1/3 4 0.10 0009 0.30 0.)0 

0.C9 0 .. '09 Co;U: 0.:.:51 

closoc 5 (YolO 0.10 0.32 C~32 

Pur-tIL 

.L 0.21 A ... }-:-
\). c..J.. o. ~) ~,C·o'L~·S 

C.19 :C,l,oI9 0.48 (.41 
2 \...&JI6 r" . ',. r: 0.1;8 c. ~-~ , v • ..LO 

G.I5 O~I5 0.1.;-9 (j .. 4S 

:5 C.I/-I. C.JA ,,""\ ~r 

1,/0 :,lV 
" ," 'r lj.)J. 

0.14 0.14 C ::1' 
~,. ..,;- O.,)C 

A C.II C.II C.51 '(;05·1 it 

O.lO G.IO c. ~~O C.)l 

5 C~IO C~iC 
r. .. -. ...,. .. 
\.; .. )~ (:.5I 

Zero rcc.dinc Fitot tuba: 
'::;pccific ,_.l".::~vi ty of oil : 
L'u.ct dic.r.lstm.':' 3i~,,:5 em 

VoltC:L;O : '''14 v. 

P"ll OV (1).' "'1'1 /'.,+(;. r" • 8·Q . LA. _ V . . ... ,. ....... 'v 'v ~ • .., em • 

I)'~ll"'·y ('); ,o.··-.;.0·1·t.-,...~,. 18 
\.... {..:,.; ._~·._l' .... V~.J.. c:. III 

SEBEK. ISTANBUL 

:5 7/lTlc 

.P,f~-.5st/~e 
Mil "'OT~ p,>cl/. 
IJf'EE.t>l5f'EE~ TEMP, 

" O/,t.. 

C~2? C~26 l, i""oh' or;:: u.t::) .... ..J 

.'" ')7 
\..J~L.. 0.27 
0.27 0 .. 27 
o '~O ;0) ! 

" ~ ~ 
l~ I) ~;) 

C.30 0.29 
c 'z' :. ;;;J.. (.31 

0.31 0.3I 
- I""''') l,....!. )c;. 0.31 

0.4·J C'. ~~.1 

O.,)E (, ·,-c 
w.,) .... 

(-.45 G • .:; E 

c~. 45 (' ~ (.. 
\"./ D .{.i·~ 

0.'49 {). !'~-s 
It II 

C.52 r· ';1 \..;. ) 

C , ..... 
. ,).:;.l.. 0.51 
C,,51 C~5I 

-ff'# /(P,4/ "C 

I4J. 

14·0 

140 

141 

145 

IS( 

197 

J" ~ ";.:it 

IS:5 

IS;) 

703 

700 

700 

701 

7G3 

o~c -,v 

927 

CMr" .;iC 

97( 

(,rIO-
;" i :> 

I9 
19 

2I.2 

II 

II 

II 

" 

20.5 

" 

If 

II 

tl 

PAGE 3fJ 

RtJOM 
T,£'NP. WINO :Spc'E'-j> 

DC M/m/~ 

I 
2I~6 'i77 

J , 
I ., 

" lFY 
f,.;:;'.-

" 500 

II 5CO 
'.I 

II 0 I 
I 
I 

21.6 C55 

II C5C 

II ''/26 

II r[85 

II 
0 

2I 

I 

I 
.... =_."J 
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BEBEK ,ISTANBUL 

J.\ Vc:;,'.:·~r~.c ve,JuG:]: 

Fort I l.TN VELOCI1Y TOTAL STN1'IC 
PR2SSUEE . ?}T:SSSUIill :Pl\SSSiJlill 

"oil "oi 1 floil 

I 0 .. 062 00190 00155 
2 0 .. 030 C~I90 0 .. 170 

:5 0.010 C.200 C0190 
4 o r-..r,::: oU .. i/ G.,205 00210 

5 0 0.220 0 .. 220 1 
I 
I 

l\:lrt. II I 
I 00100 00385 0 .. 285 I ''\ (;~O50 0,,390 00350 c:. 

'3 0.045 Ooi105 0.390 
, O.CIO 0.410 0.410 t.;. 

:; 0 0.4I4 0.408 

2/3 A ·1/2 A II') A 

0 .. 0624 0.0467 0.03I2 

Q = AoV 



~----. 

I) 
2) 

3) 
Lt) 

I) 
2) 

3) 
4) 

I 

Q ::: 0 .. 935 .;'!: 477 ::: 

Q :::' 0.0624:: 481 ::: 

Q ::: 0.0467x 50e ::: 

" \~ ::: o ('31')"" tf- oJ c.. ....... 500 ~-

Q ::: 0 .. 935 -,. 655 ::= ".', 

, .... Ge0624x G50 \..J. ::: ::: 

Q ::: 000467x 726 ::= 

Q ::: 0.0312:: 785 :::: 

Bcfcl-'Cl1CC: 
ASTl'.: Fo.n teet Code 

where: 

1 ::: 
n 
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ere: ".. .......... 

44 .. 6 . ~3/;·'i 'l lli _._ .I. •• "',. 35.32 :::: 1570 -f't\dr .... - ... ~-_ 0 

30 ~,. II = rC60 ,,-
23.4 "\r tl 825 .,- = 
15 .. 6 X II ::: 550 

6I42 x II 2160 = 
40.5 v II ::: 1430 .... 
3309 }~ 

11 = 12CO 
24 .. 5 "'. II 865 ~ ... ::: 

0 .. 754 T 
r; 
'-' 

p = p 
P b 

"1 (of. t) 
J: r ,v'" - ~., 

'-' ": - .. ~ -- .. 
2700 

~('" 0 7 . ".0 .... , 
00. c.. = ,). t) 1'. t -t =69.8 -

(] V! 

-----,._--_.; 

PAGE 70 

P :Snturntcd 
fC 

L:: . 
vnpor prcsGurc=O.7S02Hlie 

C.J8P =0.50:: 0.7402 ::: 0,,282 
-p 2o .qR -vn A,2P? 
~ J ~,~ ~~ O. ""v',r,''')?, .1.!"'I = - ::: _ c:..., 

<.. 400 

rwr_ d 
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1 :: 0.0725 
t1 

P.-, =- 29.98 I1EL;. 
u 

T ... :.: 530.80 R 
r;,.). 

70 1? = 530 R Td :::: 8) P~;.,:r·t- I 21.2oC:::: 

b) l)urt II: 20.50C :: 69 Ii' =- 529 R 

T n 
m 
:.Ld 

530.8/530 = 1001 

b) Part II 530.8/529 = 1.02 

P' s St.::::tic p:ccm:mrc = 
13 .. 6 

I) 0 .. 155 v o P31:/ro;:: h :::: 0 .. 00950 \I 
J. ' ... .t t ... ~¢v 

2) 0,,170 :;: " = 0,.010.;.0 

3) Co190 ~~ JI :::: 0.01165 J. 

4) 0.210 ~" 
II :::: 0.01.290 ..c_ 

I) C.285 ~r II :::: 0.0175 ~--

2) 0.350 ., II = C.02I4 

3) 0.390 ~{ 
It :::: 0.0239 

4) 0.410 }~ 
II. :: 000252 

I) C.0723 x r + G~G09~ = 1.00317 
29.98 

2) It I -I-.:. 

29.98 

}oTr: 
""-0 

3) " .. ~ I -I-..t .. 
O .. OII65~_ - 1.000390 

4) II .,r 
.C>_ I + 

29.98 
0,,0129 

u_-:: "L000430 
I 29.98 

L=so ...... __ ~,--

1/ 

" 

II 

1" a 

C.OT)C 

II 

II 

" 

------------------ -----'--

PAGE ?t, 

! 
i 
; 
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;:Since the v~:;luc of 

I 

~) -

2) 

3) 
4) 

" 1. 1_ 

.... ~ -

Q = 
Q = 

Part II 
I) Q :: 

2) r'l 
~ :: 

.~ ) .. -" :; "i :: 

4) '" \.i :: 

Part 1 

2) 11 

3) II 

'1 ) II 

11Ul"'lt II 
I) II 

2) II 

) 11 

4) II 

I 

ld ::: C.0725 x 1902 = 0.0736 

:: 
[,).l)nrt I ::: 0.0723/0.07:50 ;: 0099 

b)PurtII ;: 0.0723/0 .. 0736 ;: 0.98 

1570 ~. 0.90 _. 1550 -",t '3/"li 1"; 
--

.\..- J..U __ "", ° 

1U~O '" II == 1050 ... 
825 "'~ 

II ;: 816 ';. 

550 -:r It = 545 .. .:.. 

2160 "r 0.98 :: 2120 .A 

1430 x II :: 1400 
1200 2:: II 1175 .-
865 .... ;." tI :: 846 "~ 

33000 

11 t 

0 .. 1585 
~,.. 1050 :: 5/~·50 0019 -~,. II :: 0.1585 -'- ~;." 

"',. 816 ::: 4240 ol .. C~. 20· ~: It :: .-\ ~"'70 \""0..'-0 

-:~ 5Lr~5 = 2830 Oo205x II = 0.1710 ... 

-v 2120 :: Ii0CO 0.38 "<r " :: 04321 .. ... " 
-, I400 :: 7250 0.39 II :: 0 .. 325 .,' .. _. 
;.: 1175 = 6100 0 .. '1·0 ~~ 11 :: O~338 .<. 
.. 846 :: 4:400 0.41 :x II :: 0034·2 .. ~ ' .... 

HP 
Q 

0 .. 0;86 

Co 0261 

0.0214 

0.0147 

0.1070 

0.0714 
0.0625 

PAGE f.t 

I 

I 
\i 

~-----------.. - .... ----_._----------_ .. _-- ._-------_. __ ._-----------
i . 
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Fen c:I:'ficicllC;'c :, 

l).:.!rt I 

~)' 

2) 

3) 
4) 

P<::.rt II 

I) 
2) 

3) 
4) 

Pert I 
, .... 
~ 

o..,t 

I) 1550 
'J) .:.. ·1050 

3) 0T"" 
(.J.i., () 

4) 5';·~~ 

S:)[:J~,·t r-_.1. 

I) 2120 
2) il.1CO 
... ) 
) 1175 

c - Air HP 
BlIP 

BEl? = :81«>0 := 74 x 8.6 x C.478 = 304 Vle:ttc 

vlhoI'O: c:= 0.478 for Q 635 \'lQtt locd,thcrc:fOl"'e: 

idr HI' 

0.0386 
0.0261 
O~O214 

000147 

C .. 1070 
0,,0714 
0.C625 
000456 

E := 
S 

Q~ p 
t."!' S 

6356 P 

BlIP Ef"i"i c ~ r.)" cy .;.1""-_." _v ..... r 

0.407 0.095 

" 0.064 
II 0 .. 0525 
II 0.0360 

nil 0.262 
" 1111 0.175 

Ii 
1111 0.154 
1111 0.112 

6356 P := 6356' (0.407) := 2600 

O.155xO.S34:=O.I290 
00 I 70;:: tI =0,,1420 

O. ISO}: It =.:0 .. 1525 
0021C:: II ::0 p :~:7 :;0, 

c .. 35C:: 

200/2600 := Co0770 
149/2600 := 0.0573 
129/2500 = 000495 



L--", ,~-
I 

I) 

2) 

) 

4) 

I) 
2) 

3) 
4) 

I) 
2) 

3) 
~c) 

I) 
2) 

3) 
4) 

1550 
1050 

816 
):;5 

1,) .r~ "'r""'''!~ 
.l. • .: .... v II 

2120 

1400 

1175 
246 
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n 

II 

II 

0.321 
o ";')5 ~ 0 /c-

O033e 
o. )'1,2 

6356P = 6356(0 .. 407) - 2600 

246/2600 =D~0945 
16605/2600= 0.0640 

136/2600 = 0.0524 . 

93/2600 = 0.0358 

630/2600 = 00262 
455/2600 = 0.175 

396/2600 = 00152 
289/2600 = G.II5 

PAGE 91t 

VoIULT4(;tJ.:'ic efficiency: 

,\';l1c!'e: 11 = RPl,; of' f'r:m 

r = 2c:cliu8 of fr.in "\'111881=1.5 

E 
~ fTr VI 11 

2 (.. '-) 2 r = .L.::;' 

Part I '- ,2 r-o. 

fT < .. j'n ,:~:2 ::':i. c j. cr~c:'l VlI1 
\...../ ...... 

12 :~)50/1L~,I =1I ('.916 
II IC50/I40 -7 >-- 0"; C.G25 
II (316 /140 =;.85 00485 
II 5/1·5 /141 -':'~ ''.'7 -.Jov 00322 

Pc:rt II 

" 2120/_L96 =10.8 0.900 
II -' 'IO~/T(V~ 1.'t v -;J I = 7.I 0.591 
II 1175/196 6.0 00500 -
Il 246/195 4 r>, 0.362 - .)4 

j 
" 
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fifr rlp·- I , ! k. "'" ~ ~ ~ ~ ~ ..... ra .... C> ...... 
~ N 

'" .5iq hi: 

~ ~ 
<::. 

~ ~ 
\.)J. ~ 'e '" ~ ~ ~ &' (%1 "" ~ " tJvf!rq 

~ 
... I.. 

'" '" 
, 
I 
I 

I .. 
• 1 

L 

1 
I: 
I 
I 

\ . I 
\ I, 

~ 
\ 

I c \ 
\) 

\ I 
\ 

, 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 

~ 
\ 

\ I:) \ \j 
\ 
\ 

f;J 
\ 
\ 

1 \ 
\ \ 

II \ 
a~ ,-

" ~ ; . ! \ \ , 
" \ \: \ 

I 
':!;:- \ I 
~ \ \ I .t 
::.- \ \ I ...... \ 

G> 
1 

\. t;l , 
I \ 
I :v-

\ I .-.\:) 

,~ '.~ \ 
~ 

I '.'" \ 
\ .......... 

I \ 's:, \ 
\ 

\~ 
\ :(1, 

\ ':~ 
\ . '" \ 
\ ji \ \ ~ 

\ \ 
\ \ 

I 
\ 

\ " \ 
\ . 

\ \ 
\ .~ 

\ \,-=-

~\ '" ... 
~ ,,~ --c ~ ~\ .-;~~ -~ .. \) ~?,\ ~~ ~ '" . - (':>, '. -:>r- ? 

t"_ ... ~\. ~ ..... ~ .-

I ~ -- .... il;J 0 -::0"', " ..... &. \ ... 
\ '. " ~ 

..... J'IlI.~:'l - . 
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~~~;.blc: o:f I"\c;:m 1 tD < 

Air HP Overall VoluEctric 

Pnrt I 

I 1550 0..0)86 9.5 '1.7 9.45 91.6 
2 1050 0.0261 G .. Ij. 5.73 6.4 62.5 
5 816 0.0214· )_25 4.95 5.24 48.5 
4 :;<~5 C'~OI47 )06 )068 3.58 32.2 
5 r-v 0 0 0 0 0 

PCtrt II 

I 2120 0.1070 26.2 19.4 26.2 90 
2 14CC r 07"-' 1..1. .t/i T'- 5 ~ (. 15.8 17.5 59.1 
:> 1175 0 .. 0625 15.4 I4.7 I502 50 

4 E346 0.0'1-56 1I.2 11.2 1105 36 

:5 0 0 0 0 0 0 

C,onclusion: 

Gr::.tph::; of dicchnrc::,c prO:Jsurc ,Eil" hor~:.Jeporlcr ,f'~m c:C:Cicicncy nne] oV<21't211 

1
< ei'ficic::c~r o.rc 910ttcc1 vcrOUG the flO'\'!, expressed in d::;;. 

lj'''n -.."" ...... ,.."".,-. ~oel· .... ,~.' ,.... ~tr.l~··t "r~(~·au"; .. ""r:-. ........ -.·tt r'c' ,pi "'-ir.:o,r1 ·"")PV'o~,..·~~r\~""''.1\· CO'1 CO ":""'ly\+ r 4....";'_.1. U!Jt.:l....;--.l, .~~:...;; L":. ~ •. ~). ..;. l...:. i _1. t.,;l.:..~VLt. , . 'l ... c ... :-..:. ... >.;."l. <.,·.i· .. ·..:.. .u ........ J..di..._ 'Jf __ t./. ... ~ L<...tJ...i.. v 

I 
cc c~ch :;:'U11, y;hiC11 reGul toe! i1': 0. constsnt 2.ir ::;uppl;yr o.t C':::'lstont veloc:i. t::l 
~Ol") -t:l"le GL.:r:<J (~1~OSS-8Gc·tiorlD.l al'lCa... 

i~n c::c.mL1!::.tion of the table 0:1:"' rcsul'cc, lc,,!c.8 to the ::f:'ollo'ainG con":" . 

I culusio!w: 

I I) C::lpc.ci ty clccrc~:;scs 2.~; the !Jl"'GC; 0:( flc';; io reduced. 
I 

~)) Tt"1 Cl c ,- <'J' ~'c'; ""J o·r', ·,-"V('+ T c.:. _ ... t:: t. .. ..:, L., .. \. L..v _;.) ... "'_..... _, 
i 

is lces th:.:ro< of pc.:rt II, due to the lotI I 
rpw of' PC:I't 1olt. i8 thUG obciouc th.':'.t l;i~hcr ::.'mOU!:<t8:oi' cir ic diSCIV::;I'LCdl 

~it 111..;1101" :tc.n 8pecdco F. 

I 
! 

not to bo u:Cfcctcc1 by the fr.'ll rp::::) ! 
I 

but dc:croL'.se:J wi th dCC1"C~)s5_il!S 2.rc~~o 9 
5) Sincc thcre [,,!,C not enough points between the posi tionG of' ,1/2 0pCD. a 

r'nr1 cJ Ot"',,(l +'r',.,,,·,., (. "'0-1 >1"r8 "1"'" "''-'''rO''!'l"m·''t':>rl b~1 r, .,..-l:r·~J.· ~"'hi· 'l' ~"(-' < < I • .:....:-.L~ ..... • it,.} ....... '., ':' .... .:,...\-.J"-' 0:::.. 1:" _.1, ... v~ <...-.... '-" ~ ••. .:. .... ::. .. ... ~ "~..j,.'-.......... ---. J t. ..... ,-1l. t.\ ;'-.~'J.,.... ..... ........... ~ 

_~ .... ~ __ < __ ....... < ___ ~ ____ -',, ___________ ... ---_J 
--<----<---------.:..------~-l 

'J') ~nc< 11 n~' • ~ ov:r~ _ GI!lQlcncy decree.cos fe'.n rpu Dnd dDC-
r'u:;Gin,s outlet croDc-;:;cctiollGl [,:i'e!}. 
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j\,,' t t . ~. b t' ~. p' ....L.,. t . ill1 lmpor em po:u:!".., ·co e no l.C80, 3..11 ·1..110 C)::perlffiel1-C l3 l.nl:r ,"the sU;lil 

of the stc:,tic G.nd velocity prGssures ob'b.dned by thetcst,doCD not· chccJ.= 

prcs:::;uy·cs IJoo.euroc 0 :l'his condition introduces C!rro!, ... s iil.to 

thocc.lculc.tim18c To (ccrcuf3C: the dC01'CC of er1'orn end :Cor, cOl1siatency, 

" 

'I. 

I 
I 

. I 

1 II .. 

I 
I 

I 
! 
I 
! 

I 
i 
I 
; , 

. '1. 

t 

. 
J 

i 

I 
, I 

I 

i 
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The: c),uJi::.:,1'- of (\ l:::borr>tory h~iG to :tul1f'il ccrtcJ_n 

constructurnl i'co.tUJ:C:C 0 These Viill bo pr~;[jcr;,tzc1 indi vidnC'llly. 

LOCATIOF 

PAGE 17 

.,-" ,~ T' I' , ... l' T b'.! ' l'.LU~Q 1'.lCC'lc.n~CD o.nu li.','Grc-.u :lCS ....,0. o1"t.:wrv ,J.G rCCOrl-, v, 

mended to be COYlOtJ2ECtcd in the r:1nce of the L.E lc.boI'ctory, in th8 old 

cnsincDY'i:cl,f; buildinG.Rct:::Gons :t'or this fJUBGostion depend 0:1 fnctoI'o, 8uch 

I) 'I'hcI'c nre CCl't;:d!l mD.chincc 2nd CCluipment nlreo.dy insto.llcc1 i::1 tho 

rOOillo 

2)Pm':orli:-:;cs c,!ld c1ictribution 

to 

:5 )Chsngcs in the buildinG ,[md :cenc';lc.l 0:;: the old Gquiplilcnt c':',1'1 be 

'G,ccompliohcc1 chc[.:ply and ct.:!Dil;;r, 

l"El;. 'l'UBES 

'The Gol,cction of constructJ.' on m:.'\.t"ric<l~ -f'C)T'_ 'i]'oor"" "",11 t' ,- _....., _ __ ~ +:,),\,~~, ___ 1.,.1 

of G. prcsc~l"C c1t-W l;_',bol'c,tol"'Y is i:'T:Clucnccd by a l[~,:r'zc number of i'[;\ctors. 
, 

The order o:f iL(portc.]1cc of' ecrry one com:d.clerc,tioD v;;,~r:i.cG :['or cr;cl1 dii:Cc·-

rent lr.:b0J::;cctory 0 I::csid8 the cOI:lInonly l-'cco,snizcG. (:ollcli tionc" GS the I;'l(?:thoo 

Of' eli '''t''';'Ol"ti."r. ·.'(~"r'V·iC0'" ",]'+1--;1') r" 1~'bo1""'+O'P1T J.,11 C·' 1J.' ,,,.htin'''' ,."(,-('~"p,·"·(,,),,,,.,\t<" ' _ -v _...L. .!.. _ .... _{,..:;.. k.; ~_ ......... ~\.) .* .. v.~.l ....... ,..j, .r.;t ~,.1 _~~~V -ti, L.. -_ ~~~ _ ~l '-, __ ~.",_-""l:~.;; ... J .. L_"'" ,;;), 

properly- ., 

i .!~ ,', 
(~ 

'1,i 
" .'. 

;:.1 " .. ! . .:~ 
-' l. 

;'~')O\'-~~ "'o'~d' ;t-iOn e• b.otr'1 __ .... . i..... ___ .... l .... ,J.,. "., s;.J, .,l 

c.:ri'cctin~ tK1C choice of ir.:t:crrior cu:r·f;:~Cf;S D~c1 tll(;:l.r 

I 
I 

to 

~ 
hodG .. , ~ 

-----------.-,-----~~j L..._=-_.,.~~~li==-."n~...--

-~-- .. ---~.-~~----,---.-.-------.---~-~--- ......... ------------------- ! 
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C'Ci~" P1 Cl'-J",,,e·tl· ~'1<:: nti')r'r flC:ll r;; '!'icnnl_e __ J.W ... _ ~. h, \.J.., ~,J .t. '-<" . _ \., -L v__ --.. 

'f~'~ C+O.L-·'" "1' cl~ ., 0 eC o",t .ee' ~"'1 "'l't "'n, '1"lC'" ] ~.eel (-tl'1 o-? 1; -p,-, C Q1-.-r ·O "-;u-"" y.re• r>eJ." ""t·-, enc,." _(. .... v U Vo.,J.. .a. '-~v, ' ...... , ....... ~ .... _l. 'l., .. t..-;j..l,. .... : ... _.1. ~ .. _ ... __ ~, _..I. l"",-l- __ _ \' .. 1,.,) v ... A.i...l.. ..... , 

of r:w,tcrir.:l m1C1 the value 

ubov·-' cor·r.:-;oq"" .. ,:",te.L' en <' +\-'r· 'f'0110"'1' llr" r-'ecor:lr,i"lc·T!t1.,-. v -'_.4""-'..L.. __ ... _. J ....... ".J, v; .1. .... 4 ...... \.. b " ...... __ _ 

ctions cwn be Dtntc<1 :for"the difi'cT'm:t pcrts of' the build:Ln.:::;o 
.L-',' ('(,)'line" \"~'llo;"' ~"ld -Ploax ... • . -, .. ----... t.;.J, J{..",--:-_ \oJ v..........J.. • 

CciliIl2 ~mcl the po.rt o::t the ~;i2\ll~3 QOOVC I 1/2 ITl2tcrs viill be paint­

ed i1: ;:;11i-co,,1_0\,;cr portions of' the iiGlls \':i11 be in ';-::T.y.'Yno floor '\'Iil1 

be coverod b,'iJr - DC.iu::~rc Dha""'., ed "W:"1"'lc'; "t)-l "'c c r.' of: rTr::v 1""1itc "'y'd 'cln c1" ~.1 .. A.'-"_;Y . .4:" \:... . v, \.;. 4,;,;.'t/' H" (..,\ ... . (....#0 -... , 

Ie 

Eoisc ':Ii thin or outside the lL~borcltor~r roquiJ:'cs C[;refll1 choice 

of' the ';tlS1:.::ri;.:,J.o to be used 'in the renewal of the labor£7',toI'j' .. 

(This poiEt is rIlc~1'tioncc1 8G ::'l requirement v.'hich the crchi tect should 
; ""'''''0 c·on ,..,"; (1('r;·,t";0'1) -..J...:..J,., f __ 0.J. .. ...l....... _~ ...L.. .t 

)) VibrctioIl: 

l"On;lG!;tions cui t2blG ior c.boorbin.:; vibr£:tion 2nd. rccistj.nc the 

v!cii;,ht of CO;:lfllon lnbor2tory i-~PP[U'lO.tus c,lready Gxiot in the 11ol1. Tnis 

I D'roblora h~1S been deDIt \';i tl1 ,::,:.t the time tho. building ViC:S erected • 
. !) ·i.'l p e-. ,l"n"; C 'Je 0"1 'O ••••• '"-r .L.J __ __ \,; 1.,,.4. ..J., .t •. t; ...... 

I 
I 

In -ebe lr.boy·[).tory elcctric pO'.'lCl" is required ::Lor stGt:Lont:~ry 

specially built in ,-,ppnro.tus. 

:"ost of' t.ile cquipccnt 'Jill requiI'c A-C power} which Y;ill be tc:.1:cn 

D-C r')Q'.'Jcr iliJl be prcVi(;.C'cl b;/ ci ther of 

a) stora~G batteries 

C) l\cc tii'i cr s 

d) S~n:;chrol1ouG CO:(lvcr-ccI'O 

1
" ,.., 
"-

I 

I 
i 

J . ____________ ~--------------------------La----g-,-.--n-F-==-,~~ 
, 
~----.---------~--------, 
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In tllC: distribution S;:'!8~CCm, service feeders should c::;:-ccnd from 

mdtchbocrd to euch of the eloctric shnf'-to in th'3 buildin.::;o'l'he :fccd0:ro 

f.18.:/ b.8 run in CCD.c:ui trJ or vlirinc.throLlGh \';ith. pull bo:ws 

for . .., b" - t·· -. b usoce:;c 0 ;~u ~eCQcro ,pro ec"Ccc; y fucible discon"'> -

l1.cct svIitcl1c:s,CL'.t-cut or circuj.t brc~r:ers .. rn celeti r'oom,histCcll<1tion of 
brsmch ci:ccuit p::-:J2cl bO:2rci.'J ,is "':ioc','lhc:co ccntl':J.l control is required. 

In rm::rw cnGCS it ioimportc::nt that p01ijcrshciulc1 .not be interrupted 

durinc , C:D experiment. 

6) Li".htinc.;: 
Sc.tiGfc.e-cory s8cing requires not only c comfortt:~b18 viSllt;).l cl1vi­

ron.inent but ~:,lso Guitnble -vif.libili ty chm:>flC tcristic 0 of the tookG • 

visu!::l tOGkD~ 

bu t t11;:')o f'or othel' tGsl:s invol vin,:; rel<:ti vcly more ciistuntirio-vJing 

such GS chc;llc boc,res Q 

The i"'ollm:ins points a1'0 rccomr:lcnc1cd i'or 1.3.boratory il1U1n.ina.tion: 

Lishtin.:::;nt \'lork OCl1Ch0G Ghoulc1 bo about 50 i'oot-eIlI:.dlcG. 

b) Dif':Cusoc1 liGht L;i vir;c G. [;000. intoTloi ty oi.' illuihin[;,tiol1 on vertical 

petteD ;.;[1(2 the 1i::o. 
n ) in, 1 0" n '., C n'--, -I- , '-"-.lD"-' ~ .... ~\..4 ...... ,~_'"'" ,-,J.~\.I .J..,--._ .. ;, t.J 

:'[110 ::;~ etc!:: ci.' li,~J1tinc 0:(' the .1Ctbor~tor'Y ohou1d be oi' the I1dircet 

7) H0(~ti!lC 2nd .::'i:l.1'-coadi tionin[;: 
;. ) .. ~ 

ss stem of :-:obcrt CollcDC ~ 

B) ::; ·"-c ();~. r'll' + l' 0"'; ','. ,:' ...... _...L u .. '_........ v J. .... J... .... \\,. •.. .). 

l)D1.18t: 
Tho t;ype end. tho c:llount' of: dust, v.'i ththc noco:3oi ty of clcnnJ.incos 

i'lill :.:~:Ci:'ect the choice of .-Gf!C ir.tc}~'rior' Tl;ntcri::;,ln. 
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LOi.:itUI'C present in the UllUSUt:.l m;~ounts in the :.'.ir cox;, h:.::vc ~) vOr'";J 

bf.~d eff'Gct upon ::mrrounc1ilV: <'+·ruc'b,·p'~l :"""!'rlr'l'~lc '·'0,...J·J.·c'ul~)r'''·7 J."::> CO'I" .. -, _ .......... Q v_ vt.-l.:- (.... .. .. ~t,...;, l,,~ L",_, tJ ....... \- l" ___ ... _L~{ J. 

Vontil<:::.tion: 

,~~tr:.oephcric 'tr'''' · .... p ... c,..· or ,1·,"-..... J.\,..; \oJ ~ ..... v, iJU 

prevent ·the bui1d-up of 5.TI;mod'~;r.:~te tCL2pCr["tures. The cont!?rdn~nts ill 

ilOQt, VJtltcr vo.por [I,nd' 
t;::;.bncco omo1:c v 

, bvo mcchr.miD8S 'ol1err;;by vcntilt:ltion D.cCOL1plishcs 

the, dc-ciroc} conditio:18.Cn,e is DCflGl".::d ventilation end tho o~~hCJ:' local 
~'-"~1""lr't y"h('-''''.--';1'1 the cm~'i-"Tdn~:nt ;" "iithclr'1\'m ..,t; itc .• lJoi"t of, o,rii:~in bJ~T ,r..;,;;_ ... .t .... J.\"..t.J ,i .,l,. 1,. ........... "7 . _vt...>.-....... _ ' .. _... _Ij,,, ...... t ~ ...... ; .... _ .. ..} ........ 

used in l~'.bo::'u,toricL~opcrQtc ,on th,i:::;. pacls .. 

• iiJ.· r ''''ot]· 01~' "",el "l1"'~{\-''''''''-'''l' t" c· "'··r'''-;'~L't·J: r.nl'; "'rr' "11",,,1 C~l __ 1.... • ...... .1. .... .I. ...... \".)~~_d.\ ................ ..- V.l.J..\")_· ,v ,J,..,l. ... O ,,_oj.. , .... Io.A..J... ~lso be provided •. 

':1' ",~ 'j , , 

• ' • .Ii 

I 
'!, , 

, 

I 
I 
i 
I' 
t 
I 
! , 

The prncttcnl br:'.sisfoI' tlw vcnti.lo.tion 0:[' Inbort1.tol"iBS is the pro.... 'I 
vj,sion of D.dctlu~:tc hoodD Q 

AVCrt'0G i'c:cc velocity :["ox'· hood vcntil<:~tionGhoulD be 50-60 ft/mirl.~ ~ 

but l:-:,boratory i'ul'ni turo m~;::o.t:d';~ctu:r·ers consider 6C-(30~:t/Dec {;H~; mi 

i:~6C D~rrJ-tcm, Y!Llicl1 :;l:[lGf:.dJ" 11~13 [~ CC:11flC:C tj .. Ol1 1-.0 ~tl"lO lCtl)oro~.1cir~r bllil(l~ille £tt 

prcsel~.Jc~ 

~ ------~---.. --i ----------.---~------- -_.- -------.. -- ---
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student be 

PAGE TC3 

in::.: tcch:::iquCG Ll J:'luid ;;:CCh8J~i(;.s C',nd :2im::.lly tbe cpcr'o.tio;'-;'Ql Chai)[~cte:t­

i~t1'n~ n~ ~ll11.'~ ~~C}lJ'~~r'. _ u vU . __ 1.. _ ...... '\-0. ':':._(...,..\, - .L .. ·u ..... J CI-

2) -r ,-.',. C.,.H· ,1·<,·..", "'o4'cboo'" ..L'l .... U ~~ 1...1 Lv.!..) .L. It·· ~ .. 

A11.'norl: vd,ll be done on 22:·;:29.5 crll.st~mdard she(;tfJ.E:.~ch !'eport 

will be stnmplcd togcther ~md subr:iittcd '.':1 th a "l-~cpoI't ti tlc ~hcctn ns 

the f11"st 1);"·:[;8.La.ch studsnt \"iill' be issued an Aceo cJ.ip 2nd E~S COI'l"'cct­

cd 0:;:- e:.;r,.dcc1 'I':ork :to rct1..1I'l10c1 to 11i[1,11c ,'lill punch it em] fasteD. it 

to~~ethcr v:ith the moot. recc:nt v;orl(on tOPq 

3) OnG Dc:ciod c::pcrili1Clytc: 
'1."'1>'8'- 1")r __ ')"'-,--,.f:,· '["0'_'> thp O"lf' '0",( .. ; cU'l C'·'-'l)"''Y'Il'T''Cl"lJ·c-, '\"l'll OO'nc'-1"+ c'(' c"l c1..11 '='-1..... _ ...... } U ......... b ...",. "_'J J. __ ... l,...;_..... • ..l."J: \.:.i.1. .... J l,v . _ ... .;.. ... ; ........ .J.......... u...... _ ... <;.,. 

to spc:;cii'ic questions. These reports \':ill be 

ElU.st be :'('o\'lOrl:cd after returned-to 

the st.udent .. 

if culculntionc ere 

ly v/:.:'onC,D.nsucrc. :::~r0 \','1'0:1[:; or in(;or:lp1ctG or if thero [\1"0 sc:\'(;.rc.l orrors 
"i"""'mm~"'" ,~,~,-cJ'n·,·,J'l·on 0·""> C'D"lli·~r.' L._"-},.J.1.ul ......... ..!...,!_,J~~-L ... l..\,,-tC.,At.,. _ .. IJ.. ,-',!:\,;, ...... ___ llU. 

::-) 1-,'·'1--.,. ... .,."- .1'0'('" ;'r",c10' :; ... --.. ... UV.l. ........ ~v ... 4"; t..;.> _, .......... 4 

~211C lc~bG~l~:.tCl .. ~e .:...:It[..·.dc: I'Cl)Ol"'C,GeJ to ·tl:c' l"lcciJcG ... tiorl ill[;tr<llc~t(jl~ \'lill 

r.:;) 

b) 

J.'hc cr~OGS 0
, , 
J.. t·;:o per-iod c:-:p criE;cnto ,(;:nd 

of ,;.11 

I 

1 

I 
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I 
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I 

___ ---.~-•• __ m •••• __ .. "...- _J
1 

----_ .. ________ ~_ ~ ________ 4 ____ • -l 



· '.' -, .-- ---:---. -. --~-----------'---'--- --,--.- --->----

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK ,ISTANBUL 

j?e,/Jort ed b)' 
----------~-----------------------------

Partner.5 --------------------------------------------

Grade: I- sq/l5/oc lory 

;i-rJproyeme/)i is /Jeeclecl 

Or.9cm/ ::z.ClI/o/? Accuracy p/;sctlss/oa 
&-ilea t17ess ( if re1C//red) 

, 
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_'" - -. -~. "".- ~ - .t, .• C PO.)." :LC :r.CCOE2~W!·1(j_C(j 

.~) '-., " t ., 
.) --1 i ,""'- _'''',:"c' ,. t...,I'\ ... ,~ i..ll-_,,.L t., v·~ to 

I)Cbjcct 

tect set includin~ 

.:) I~oc~:;.-l:iorl. 

2) 

3) 
.; ) 

(; OI1C] i ti e'llG 

., 

C) :i?r.ctol'C held C02~rj·C.:m"t 

7), rU;(tbc:;:;.'" ;:-.nd (2 urcd:ior.'. of 

8) ~Ll:r~C (1U CI1CY' 0:2 :('c,':].(3. i!~-L s 

~ll 

SI) Cor:-i~or':;:c:nc8 ":t-:i "1..,1-1 tllC [..;tC.11(1U~C(1 tC8~t 

I) L1Clic[:tion of tilc': nUI::bcr ci' n.m 

its p~oper u~it. 
4) hppJ.icctionof the rclotion 

- . 
CO(~·:t~, ~,:.'j·lC11 

! 5) 8i ilillC ptl1c L~J1fJVfeI~ orl tl-1C l-ll I1t bc.no. ci6c of' 1..:11(; 
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rcco!,;ucnc; cd to tc.::c notice ::-md f'olloi'; the listeG rc:qule tionCi both 

")" , i J. i (', C10flC c:: •• n~l l., _u 

'; ) ;, ",;" 
~ ~ 1 \.. .. " it ie clmlc 

'i') ;'r·T·Opr., (Cl'O l"C' ""D+ .\J. ",'l' n': 'nu:.···,) - ~ - ..... ~ .L u ~""\,.;l u ,-\L., 1.. __ ... J..-i .. l L, 

Do~cr8oncl obGcrvntio~ errors 

oil L'.l1 ;:.::~;C.:(lj_:.~cnt ,~,-:,-.C.~ll'1Gt: 

D .• Cr~r·c12GCl"lC~_:S (;L:I'ilAl~_., ~t11C c;:~pcri~~:crlt tif:1C. 0 

D-~,.;(;rL(;nC~l CC.S8S: 

In the c(;~oc of' uL:;:'ortunc.tc s;:~:..:ll il~jU:r:'ici~, tl.e ":~'iI'::;t c.id bo::'! iD 
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Text: i .. cebu"lics of' .:?luic,s, I.E.Jhi:;:me::~, •. :e Jr,c.iV-~a11 .Co. ,1562. 

:':xDeriment '1.'i tIc 

r.:anorrmtlH' study 

FImv p:::ttcrn8 in smokc tur.nelc. 

\'iind tunIlsl veloei t~/ iIlcLd:;urcr::ento 

Pressure distribution c.roune [2 eylin<.ler 

L2.Y!:in'::tr ond turbulent floy! 

Fipe :friction 

ViDcosi ty LLCUSLrei:l·,mt 

Li:;.i tin-':;0i!)C £1m'.' 

Co:nvCI· . .;.,iI""~0 l:t.ozzle studJ,-' 

. Dound Gry 1 z;,~; er :3 tud;y 

SchlieI"8T1 stuc3;), 

~.:or:;en tULl ~ tUdy :J"et dci'lcction 

Force on elbov: 

l"oreccJ 

:.rt.3-1 to 3-2 
Chc.ptcr It 

llrt. ;;-1;; to :)-17,8-16 
l.rt .10-1 to 10-2 

.iG.~t. ~O-7 , 10-12 

Act.IC-9 

Lrt.II-9 

~~rt. 13-9,1)-17 

Art~I3-2:13-5,I3-14 

i~·t.i~-~,11-2,Il-7 

~rto13-1~ to i5-I3 
Lrt.3-) to 

i .. rt.5-3 to 5-:; 

by l •• es.'Jcrs)":";i th 

Fluid .l,:ech[~nie8 Co:;~ CTl.d 

l;;luid . , . 
~h(. C rl'::'"nl cs 

1..:.i::d. Heports Binder I [md 

I 
r 

I 
I 

. , , 

I 
1 
I 

3 PI " 
L:echanic~ .. l cncinecrinC ·Lob .. LethoGc by S:;;[;.llwooo and I(ec.tor J~ 
Experimcmtc.l ~.;och2.nical i.:.n6inocring by Diederichs [lnd .Andr(?IJ, C2I-D5 . , 
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A- Demonstrctivc CZpcriDcnts 

o.)-.ic~t::.:r -tc1bJ_c 

.~; ) .j l' ", n -:'1' i C·:, i 0" \. ... .1. I ....... .l.. _ t... ......... l. ... 

L-. ,C;,\..:~~ti..'.;1 :-:tU(:y 

e)Jc'L (ie:CI cctic;r;. 

'0) "~'O'~C·" 0'," ,-l '[-)1""" J.~.L ........ _ •• _.J... ,_!\~ 

l~·~C tI10G 0 

by " -
•. "01.l:::'C OIl 

pl[:tc 

:.C'lo\'/ 

b.y .L j- -, ,- ~ , 11 \ ,.-,,, t . 
~!~ C~~l, -'~J UOO 
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c1uccd to tho Fluid koche:nics llnd l:;;!(~r[~ulics L:~'borD.tor;'l' 

PAGE 11'1 

to be 

In these fir-at r~;cotinL;S of the 1,:.c--.bor c, tor;;' inb:odu.ctor;y lecturcD in 

the 

0.1..'<' ~v""'''Y'lJ''' -".,+,~ .o",·,·'nT', YO ')", "11"0" ~"nCl1l'l"'lC'" T'E'.;,.~jOr+ 

I 
",-,-y"'~ .,.,L._.v'_1·~~·_~v"v j.,<Vc.<~)c.._ ...,,_ .... ~~ ,- _. ~ 

OllS in h;::nci.1 L-I.; cou:;lotcc; '.:01"1:: ~·.~-:cl tl J C ~;~:' [:rtc::, 

sized. 

I I ti vc C!."K~rc.ctor ';:i11 be.: ncrfor;;:oc~ .• 'l'hccc ere: 

I .LeI 
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TfJ3LE 

o.nd thl'ce ciiuensiol1Gl flov; Pelot v2riollG bodice. 

PAGE liZ 

trIO 

TheOl;r: .i:". "","o:ccr tt,-blc is ..., 'o,"'o""d' ~"'l ;,.1. 1}f.r·r ... l ... .r t...o\. _ ........ , ... _. '-'. l,.. ,... .- "-~ J.J' level SUT- ' 

:f'nce over 'which Vl,:t:cr mo.y :rIou. The table ho.s class [;:Ldes end bottom, 

mcJdn:; it idco.l :.15 0. visueJ. cdd to various phonol,;,cDD in :f:.'luid mecho.nic5. 

ni:fold to distributG the j.!1cominc: YIctor,c, rOGervoir or sett1:i.n:: chmD. - I 
ber,o. tr<.msition CGctiol1, C: il~~t 8ur:f;,:..cc v:ith tvlO sido y;o.1.1s ( the \'lorJ:- . I 

tr2nsition scction 

imum rc\(EuG of cl:rvnture of ci,~:ht jx~cl}e8. These cHmcnsiol1G peEiLli t opo-

I 
2 ~ The sideD of tho rcso:::'voir [::':"'2 COl1Dtr-uc-CcC of o.ll1::1i21L'.l:1 tii. th groo-

.. '-',Io-J ..... L ... I..~ __ ·W ~~ ... ..J ....... l.,\;.; ........... U '-~ ... __ ,L-. \..,.. 

I 
~Te~ <·'0 +h"t T"lo\'! ",tr""i·'·:"'·f.'\'10r'"' r'D6 \·· .. ...,v,.., bo ins or ted 
vii~tll0Llt il"ltl""lod.L1Ci!1Z floy~r (li[rtlJ.l-'OC;l1CC8 r::_~t 

3 ~ TIle ~';',lcsD sicle Yl~).J~lG nI'8 Ci~.llt ir'l..cilCG l:1i.t.";h 

i':I'OTl; tile bC!~;inr'..inD: of' th.:; -crc:Doi ti011 8cctioY'l 

c::tencS. ~ovcn f'GG~t 

to tIle cctch 

~ cnc.blc c[;.::j'~/ I'cplc:ccElont o:f: ::.nlY of tl':c G.;l[',[~s, if !1CCC82C~r;',' 0 

r:; 0 110 l)o·,··toT'l "l""on Dlr.J"~(0·i .... - --?'. 1", "1"'OU"-' .; .... 1. ) J.'", ''''O<'l··'·':onf';(~ ./ ., ..I.... l" .... ,. ~..)-'""~U\..,1 ... .,;_ ......... lr...... • ..... _-' __ . t.. 0 '--"cJ ~' _ _. \,. , 0 :.,} l..J. l"..... ... ........... [';oove 

~'.11 tho :nctnl parto 80 th'-1t 'chore j.e no viGuel obstruct-ionG :C1'OLl the 

top or Gicos. ~::ccpt :for the: t\'/o-:i.r:.ch cil'::--;L'1ol ,ouPPoI'tin,., tI-~c botton 

bottom. I'hcec i'oO"tu:r-es c:i vc the Elc.Gi;.J.1J~J possible: flo::ibili t~7 to viewpo-

int 8lx1 li~l1tin:_;. 

6.A11 four corner's of' tLe t2b1c !:;C~~/ be o.c.jl":stcd :.e'er hcic:~h-t and lcvcl-

tl~~C11 

:::'10\'; t C s to 

I 

~the elope needed for the Oeoircd 

L_......,..",..._-...... ,.,."""'--~..,,,= ..... ""---..... .., ...... -----.,.------,-~-.,....---------..... -----.-. ...... - ............ --
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[>J::il1 

J:rictj.on ,tr:::"DDitioD frori: 10,I:incl" to "l:L-:r1.)'\,:lcnt flo'.'! (,Dc} t:~C' ~):'OI,;·tI1 ci: 

turbulcnce.~cccG~oric~ c~n be built for tile ~L'.tcr ?cblo ~or the usc of 

bubbles :':::'1"0 p::.:'oQuced on Q 8uDi::er.::.;cc1 r:L'c Ll1(] net C,3 t::·'::.cers in the flm'l. 

'l1'iO stu.donts, ~·.'orl:i.!J.':::' to/.,ether, do thE: lc;,b. '.:or}:. enc cf then '.'.'1'i tee 

the repert t,:,]1cl the athol'" \,iI'i teo c, e:c·i ticiGE10:2 it. 

C.Ilcl turbulent flm'l 

E:nd Ctn.:.;lc. ~,:euS1..u~G the mC,SD :rIov;, relio c.·~ncJ t'-;;;;.p8!'Ctture o:? the \,;.o..ter ••. ;0[:-­

sure depth 01' :;:10~:1 0.8 n function oi' dist::·meo eJOin) the tLblo. 

2.Incroo.::o tIle fIOi'l rete 2nd finc1 the trD11.si tionnl l(cWno1c1 f fJ :mi~lber. 

0.n6 '::i tll 1 'Y I.:!''''O '0" i_\I UJ. \~) ._ 

:.'.cc;[m:cc':::-.cntG GO thet 

cylir~c.' er's of :,:liove 

'" c"'Tl·io:-,C1t .•.• (. 'i'l' +],"" l)OUr,c"'Y"'; 1 ,r;"~)I'" \,... '-' __ .L ,.'.: ... _~ ~_ ~ v .. l;":" l .; _.t. '''-·~-v --(t./ t.,;; 

p12tc.?uls8 the buoblcu to bo~.l:.-

i';CllC::L'I[~ ti!1~) 

r:irc 0 

I 

-~ l" m~ $~~~~~~~-~~"_Q--~~--~------'-------------------------_~~~~~~~ ______________________ ~~ 
---. -------_ ..... ----_.--.-_ ... --_.----_ .. _-----,--------------
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(: 1) :i c.~ c t : :;"b.:: object Ol tliio to 

sional ~loTI p~ttcrns around severnl objoct3~ 

0:::101:0 tUl-;,r.clo will. be operctod 
bo:e<'hmnr;y nechc:.:nic. 

I,. G;'l sui tc~blc notes ena Clrl'Oi',\S indic~-,tc on C[;c~: ol:otch the otngnn­

tion POi:1tS, pci::.ts of SCpcI"cltion 2.ncl hj.,)11.y tU:C'Dulont c,rCESo 

conoty'uctj.on 0:[ the turmclc. 

'.L'tle I'C~ o:eti8 to consist of this i2struction ohect, 
\ 

;-'(')"'0<' .1'l'j'C, "",("T'ry"" J· o '°011 O"~l' D·C' ".~cr;11~-_!\,.L w,l.,ML. '-'~ ... i_}.t,..;_u L. .L -- \, """".::i ~ \,.;.\,.._ 
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I 
I 
i , 
I 
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S'j.'JDY 

J.nthiG cc,tc;or'Y ofh:borc\tor;y e:::pcr'imcnts, the prcscnt~tion is 
. (~ividQ6. 1nto t:::a l'::o.in groupr:;,nrJllcly: 

PAGE 11r 

11hc S'_·.E1C idoq vIill be :folloi.'JGc1 by the ::.uthor, in the pr08cntc.ti6n 
of othc:i.' ,:.:.l"'OUPS oi.' cxporiIlicnts <::1000 

In this cc, tcco:!:"';y the il1(;.2 viduo.l c::pcriEwn-cs c:re: 
Fl_:.201 

Fi,; .. 2C3 

1"CGSUI'CE1C!lt oi' c:tmosphoric pressur'c 

Pr'CGCu:'C IMJQSUI'CY,10n-CO by Eom .... c1on tube, DiQpilrc:rH D11<1 Bellm'! I [3 

PI'C[)fjUre elements 

l'itot tube 

Tho combined o::porilllent is: 

Fl;: 0 203 L:~'::':i.1or:1Gtcr stUGy 
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uDed. 

The b8.8ic I'clo.tioDS 0:1 ntn:.. prees. onc1. other prcccurGc is shorm 
in the :.['011or/ins (lj,f..?i;r;,;.D 0 

','/11011 p c.to is loss thL~n Pntm : 
I1bsoltl"cc p2~C3S1).rc ::: l~~ti~!G' p~}eSSlll"lC - 02[;:0 prl e081'1.re 

!I is 
cO,",,""o"" 'hrn0 0':'" 11.' '1U; (~ 1v ".,..onn+,.",L""" '''~-'''' l;.l.. ~k ",J 2' ~.. '-i -- ~ ..... ~ .. _ -.~ v _ ,-, c._ "-

end of the tt:.bc VnCUVlJ i3 2::cizl'ct.:-i:1C6 

Liquid bc:.:romctcI's 
zc,~o -\T'''~1('U'"'''' ;""'ld - 1 .• - ~ •• '" .- t:: <...1 

hcvc their reference 

\ 

v!cll..Jt~/pe mn110Lwtcr.s .. At the 

the rBsol'veir io left ¥pen to 
'ltnO(·r,r'lC"C 11-' 'r'j p' J.- r, "cvn-j c"l '0'''.1.''07-:'''7.0'",""' -i f' ·,'no"'1"\ l-''''1"'cu~ .. ,r -i q un'j "CT'f1,,11v .... '" _"-4 u,;:-' - c_ .. _w ...... o. 'I. ... u'l./- L.-. \_ ............ ..., - .... u ~ ~ ........ '''-- .... J..t.. ...... ... _11' --~"'-J 

used e.G liquid in E12110LlcteI':J .. ln or'c~cr to l:ccp cODct.c:nt level of I:LCrcu:r:r 

in the rccl'voil' 1;,ri th rC3pect to the ceale, tho :i:'011o\'linC t;ypc, ::.;l;m'il1 in 

Ivor'-J point is fixed ~t n ,;i ven c1intc.nce 'irith rCSDcct to t1m sca100 
L'y t,;djustin,:; the tjCI'e\'l, i t ~i_D possible to :C'i::: E.:; level, just touching the 

i vorypoint, thUG l::<3cpinC the level COll8t:.::~nt nIl the :eLmo. 

Possible 3CCUJ.:'CiCY obt.:.dncd Yli th such Q b~I'oLCt6I' is Yli thin 0 ~ CO) to 

C.Ol ino 
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PAGE /tt 

.,....c· "";'i '1" r 8'11'"-" '" C' ,.,.--.,.,. '0 ~J .r· i ·C".1· n 1'"' ·t· J.-j .1." '1.-, ... "-''-'_-.000.L u • ." v.J. ,_ , .... t._ ,--, L~, c.,. (,.1. L.v.C·..o corrcct.ions,u8uQl-
1y ~~j ~.r(m in tublC:G .. 

Due to the: c:::istcncc VaCUUiTI nbovo tho cou2.urm . is 

not pcrj:cct, but ciee tho VG.por pre88ure of Ii.::; r,t 0 0.e;;.C in onl;y 

O.C,,0135 nil i:.nd ~.~t 20 de:L.C,C.COI201 lYlii'a,thcsc e<..111 be consideTed ns nee;-: 

liCiblc for practic2l purpoDcs. 
{; ·t,~ D' ~-.r,.,.,. C>U1"C 
.~ ·-'-1 .... -.:.;.vv - is tho 

It conc:Lcto of cn CV2cL12toc1 o,nd hCrl.':lOticolly sealed bello';m nnc1 n E1CC­

h~nic[''lll;)' connccte:d pointer. 

l 'hc f:iOVCment of the bellows is tx'unsfercd to the pointer, nnd it be­

comes pOGGible t.o rend bC.I'Cl!1ctric pl"'ossure:: directly.Accurccy is\'li thin 

G~Ol to 001 in. :for properly hnndled nnd tcr:;pcro.turecompensnted nne­

Y'oid bC:J:'o!t:etcrs. SChOI::lntic dieer'am is ShOYffi in i'150'5 0 . 

Procedure: 

type bcr'omcter 
2)fw."1croic1 bnrorjt:::;tcr 

)Several correction cherts 

t:J;~(~,iust the level of i,lercur;y 
h)'P,",r", j"'r-·,;l';~·l .., u""';,..,,- V(yrni.jcr 
o.J ..1.u .. ~~· .- _LAL~.J- ..... ,;. ..• .-' ~.J...l~, ... ·i - - -

c )i,;::c corrections for:;;.l ti tt:te, Intti tute, tCL:perattu'o 

.!. ro" • ~rl" J .... ,c ~ cO'.·;1.D~:_T}3,':"~· t~{~_ ,'.,'·n<::,_"o,'_· a~. '0"'" r 0'.'.-.' r'. -;- ' •. 'T' :'_'1(' l,,\;..l'<I)\.,; c\ G-CJ...I.'t; ." ~~ ___ ..... 1_'- ... t.,: _ ~ .. v ~ .....,. ... cxpluin :fully., 

~---- --- - - ._- -- - _. ---- -------------------_._-_._-_ .. _ .... _---_ .. _-_ .. __ . __ . 
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F?<.ESSUEE L2ASUE:S:.::G!'~TS BY BOlRDor; rrT"JEE, DIJi?EHAGI.:,und 

BELlD~\IJS ~ I)rJ~SSL'~ill EIj~LEIJTS 

3~merincnt i; 0: 1;'1:. 202 

Ob.iect: Pressure In.C[~SUrcments by Bourdon tube ,dinphX'[lgm and bellovlS 

prGSSUI'C cJ.cmento. 

'i'hco1';:: BOul .... don tube is a ci:c'culo.l"' tube with en eliptical cx'oasection 

construc-cc0.,cithcr 8.3 n. sinele turn or Q coil.One end is closi!1 t!nd :tree, 
tho othe1"l end is open but 1'i::::cc1 in 'posi tion~\'ihcn a hiGher ?resourc th::m' 

thc.t of' sur'roul1dinc; iG applied to the tubc the tcndency \'iill be to n:oke 
the croGsGction circulcr, 'uhich in b.lI'l1 \7ill chnn[;ethe pcsi tion of' ·the 
free end \'Ii th reSDGct to ths other 8n<.16 This m.OVCIJ.ont is truns:.'orcd to 0. 

poi::::tcr b;)-T mcch[micc;l !licc:0.S .A:ttox' tl proper cnlibrction air'cct rcodingof 

':'.<::[;8 pX"G8SUl"'G is obt~,~iTlGc16SchbmD.tic diG;:::r'c':i: is shov.r:n in fie_I.In the 

folloYlin; to-blc the mc,terio.l c:.nd the rnnGG' of bourc1on tube pressure ( .. ) . 

<:'ho";"""> 1 U.J c_J.J. c 

Sronze 
Derylliu.-:l-Coppcr 

Stoel or alloy steel 

600 psi 
'IOCCO psi 

10000 20000 psi 

ele,;.. 

the rC2.dinc;o beyond tho 

first ))a of ito sct~lcoItG uoe is c:;:ten~:d'tJc,due to ito co:;:po.ctneoD D.l1cl 

CDse of hc~dli~L. 
111 i"'~: .. c.:;. 2, ~~~ (:i.~~rj:£';;'{.,~I....!-'·:~ ~·~:::'~;{)~;~1).X~':; GL1£C 

clef'lectiol1 end precouZ"c Ciffc2"C!l1Ce beco;:1Cs r:cnlincc,r quite :3oon .. 

. In figo.) ,Bellows presBurc clement :i,s shown.l;su~lly mctnlic bellonG 

work under tho oction of spr:l.l1':;; on one aide enG prcsfmrc on the other' 

,---------_ ... ---------
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·<1 
sidc.rnl1LC 

89rir.:C corwtQnt 2.nd the net effec-

steel c.nd 
o~ their application is between 

0.5 psi to lOa psio 

pl'oc1uci:ng 
r~lun[}22.' o,~'cd 2. tr'~~n8;:::i tti:..1C ncdiur.1,U fluic1 .. ';"llc nrCD. of' the plU.:1;Cl'> i5 dc­

Iini tc,st,:ch C,8 I/IC,I/J,I/5 in2 ~nd the: lii':e.Tlms .:m~' V!C::icht,placccl on 
top 0:[' this pJun:::.:cr t s pr:m, \,iil1 pl""oduco an Qc1di t~. 01121 Pl"'CGGUl'C on the 

i:~luid.Since the plun~;er D.rea mid ,;.'ci;ht 0.1'0 known,a Gh1udc.rd pressure, 
could be mz.;,intc;:d~"lcd to the [;DCC end the c;,libre;tion "'!il1 be c1or:c. 

Co.llbrt{tio::::.: 

1)'1'110 c..:,[lDC to be cQlib:r'ctcd i~) 'con.::::cctcd to the tonter t2nd tll(~ valve 
is opened to let tho oil rcCtch the ,_,DEC. 

2 )P:copor y;eishts C'.l.'C plt\ced on the plu:L:!;cr' t G pan. 

:; )Cil punp is oDc:cQted [,md the 'I,';ci£'llt is raised to ito E[,;l"'ked ::::lid po­
sitiO!l. 

I, ) ']','.n 1":, 1) ~ n - -'" 1 ~,_l io 

,:; ) T'" -.L,.,.i ~ -­J .,L..'\"'v .r..llG ':-/'oi S SDi l'irl n:· the 1"co.c']in/: 0:[' the ;jO:-,C is rccor'ded. \"'''~- J..~ _ ... - ----0' ... "" _ ~_ _ 

to 2.void CJ1".v 
'. 

D :friction bet',lecn tile c:r lil1clcr ~"',l"!(~ j.tscl::(\ 

I '"7)\'''\ :;, '( -11 ' C C'o11"'''''~a=! .. f')._ ... ~ ..... ~ ... c''"' G -,,~,,!:~_{' .qt0!*.Jr~ ll~+) ,to n 0:::'1:10 pr'OC-2C:t.:,l:'8 .TJ .. _,. 0 :;., __ ~),"... ..l. \,).!.' ••• ; l~ '" ,___ _ _ .. ~ ~_.'. 
v~:.lue of the La~:,c. 

8)Snme proccclu1"'c :i.c rcpc:c~tcd i'or' tbc SQI:lC pl'CCGUrc v:::.luCG, ;'jut in 1'0-

verse ordcr,thfrt io cc":; '}' . r10\''''''' L.~ __ 1. I.":' ........ ,'J.J. 

Qrc recar'dod. 

10) Such <.:: craph ,\"lil1 shori i'lhc. t i G vr.c'onc \',1i tIl the ,~nbe L';l1.d tho required 
remedies • 

Idcnlly no Guch, zone Ghould c:dst 1 but in prnctice it (:002. II 
. K~""_~""" __ """'=-__ -~--:j 
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Theor:'{: :;')l'CG~;lLlre is clc:CiD.ed 88 the: c.mount of force per unit 0.reu~'l~le 

1"0 nro Deverell mctl1oG.c of pressure DcC:surel~1(mts,onc bein::.:; by the UDe of 

r;;;:nomc.tern .LD-l1ometers nrc Cif.'£'crenti21 ir:.dico..tors [\.n0 3hm: the (iiffcrence 

bet'i.'leen trw prcucu.:r'Gs. 

The Dirnplcst one ~:ts ;,;hovJn in fiC.I is th·:;! verticnl U tube r::.al1ometer. 

1'ho U tube is})uI'tiLll;y filled with nlj.quic.Cne end of tho tube is con-

. nected to a ];:.110':;11 pressure PI,cmd the other end to tho unk'novlIl prc3sure. 

Ii. level dif:fcl"'oncG vIill be observe(l if PI is not equnl to P2 oi~rmlyzini.:~ 

i'i;;:,)oI "Ie conclurlc th~1t,sincc the liquic} StuJTS 2tce:dil;;,',it is i1. Gquilib­

l."'iumoConsic1er ::; unit [':1:'00. in the crosDoctiOl1 of the tube c.t. O.The i'orce 

on both sic1of3 of it ::;,hould be cquc:l to 8.2Ch other ::0;':'. squilibriLui.loForces 

on the;; left <':1"0: 

\';hcre '..P is the Genai t;y of the :f1uid 

I Jince PI cmd .f' I tCI':dr,cd. 

C2!l be 

5 .. U;, U '. cno2:::1 
I tOl' t:cmcitj- if'; 

liquid b::v:].n~; the' [,'1"'00':" pl'CSfmrc, tho 

liqui6 G um:;c1 n.:L"o: l.crCUI'.Y ,\'if:, -Cor, f'J~ohol, etc 

·1.L'''; '-,rc'or" '!'o -""01"''''''''::1'> ,·c·· .... ,..,l·+;'-·;+~1 ll·ou··l·CI ..... nO<"'~·""··; .. l,... .... - .......t l,. .l.l__ t __ ".,~~~t..... u' !.. .. l-"J. I.f_ ,/~,. Vt)' ! .. '\~.~ W\'''~~V_.I. b 

Qre L:scc. in inclined. tube {~i:ti'CJ:·ontiD.J. ;,~[\nOl.lc:tCl'S. Such ;:, mC:::01G.ctcr is 

A prenDure difference :i.e :c(:preccntocJby 0. 8cr-.1e rIi th I 

unit in lencth. 
SiI~ce both two 1ovcIo iC'C ;L~ovinB CGell time, iD. Sor:lO CD.8es :1. t i[3 not 

,Q \':.::11 t;ype 01" 

., 
I 
I 
I 
I 

! 
I 
I 
i , I 
I 
i 
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Cncbrnnch OJ':' U -tube 2. rC8ervoil~.kt ncu-'c:-c[ll pcsi tion, 

\'lhen PI := .P 2 ,the level of the fluid in the tube in Y;:Qrl:cc 2.0 zero. The 

pres\:mrc CqU:'L v;'}lont oi' tho liquid l'oiseej iTl the 'i:ubc be~"Or16 the iLi tinl 

rllnr}: zero rcprcsl2r:ts the pr'cssurc 2.11C. 

,that the oc:::,10 is c21ibrc,tcQ in such c. \';-c'J' th:~t the X/I ,cistc,ncc 10\','81"-

inc is CCEtpensc:tec .1'11u5 C:, hieh r[.;,tio of the eros:3ection of' the \';all to' 

the cro3scetion of' tube should be pI'ci'erred~ 
It is pocsiblc to h;::rvo inclined ','loll-type lr,or:.oL,eters in Orel 01' t.o inc-

.i~np;_1r:'),tus: :';:)'0' t.ube (verticCll anc1 inc-linG (1 t;YPc)f:lcnor.::ctcr 

2);icll~t:n)8 (verticc:l '::'.nd iI'lcliywc1 t;:.7PO) :I:cmometel" 
~)- )r<OT1~)nct-ir:'-' t"'{)l'I"l-"'" v .... ll .... ,.;. -:-,"".1..:..> l....... .0V 

Procec1urG: 

tc:nl: 8.nd Dcv8rr,.1 

outlets :tor .:l:t.1110mcter conncctio~G 

5)Scvcrnl liquico y;i th different cle:1si tics 

I)Conr:cct the couinTIlcnt to the cOI:~:n=ec~)scd t.:.i:-c te:1TIk 
~ • ,L .; 

Pl"'cc::mrcs, and 

2) "" t c" .. . p ",' n.-,·· !'-,'<":l • }")C ""onc,"-,'-! .:'l,; 0:" • ..!...I.II..--. 'v<~...I.. v ,.... ;.-'- 1- .... u ............. _ '
,. .. ',0' .... \0' t;1n'10···:t:>.:-c .... ","lu';o" .<~ "\'rl,,, 7. _ .. _.:.t..~. _~......... J..L ..J-'l--", "\-; 

I 
I 
Y 
j 

'.1 
i 

I 
I 

I 
! 

I 
I 
i 
I, 

! 

I 
I 
i 

\ 
I 

I 
! 
! 
i 
I 
I 

,! 
I 
I 

, j 

1 

J, 
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3:(T)eri1~lent lIo: Ti'F 204-

Object: Let~,surement of flow by Pitot tube. 

I1heor;v: ilitot tube is an instrtlment to mensure static pres-

sure) veloci tJ' und total pressure in Q strem!l of eir or 

gaG.lis shown in the figure it consists of' "l\'!O concentric , I 
tubes 'which usually o!"e L shaped for convenient h6no­
ling 8.21<1 Vlhichprovidcs t\'lO' seperate outlets, for COI".nec"': 

tion to pressure [,ages .. 1J'he essentinl part of the instru­

ment is t.he short str£'.i;}ht portion of the L,which is in-
'-.1 ' 

sertcd into the stren.1J1,parallel to -the direction Of flo'V! 

and 1'1i th the opennins nlv/ays pointed upstream. The, inIwr 

tube h'''3 nn open mouth,facing the streclll ,end conveys to 

c. prc;ssure the so called impact pressure v,hich is the 

total pressure [it this, point of :ClaVI. The:; outer tube has 

. ,j ntnnber' of smnll raoi&1, holes, in its cylindrical i,'rall 

Qnd tho :.~n..l1ulL:\r spO-ce betvJeen the two tubes conveys to 

D.nothdr pr0[lSUre r;,age: the sto.tic pressure.s~n6e velocity 

pressure is the. difference between totol pressure and 

ste,tic pressure ,it is possj.ble to mecsure it directly 

b;y n c1ii':t'erenticl manometer, comlGctine totol pressu~"c to 
one sj,de end stntic' press1)re to the other. 

1:"'01" incompressible fluic;s the rclc:tion bet\'.Jeenveloci ty 
pressure 2nd the veloci t;y is, 

wher'€; , 
-V 

C 

::: 

::: 

P = C ;;~"""-, -~-p--' 

Avernge velocity ti:t the Pitot tube location. 
Calibration coei'i'icient 

&1>= Yoloci t~l n~. rCSGure=' P , ... p 
v total static 

...P ::: Densi ty of flowinG fluid 
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[; ::: Grnvit.:1tiono.l constc:nt 

PAGE 1.30 

}'or the standard Pi tot tube ,C :i s bI.'tvleen 0.98 and I L~ 

The equation for cdr,thus beCOm8S,J:or sto.nc!.:Jrd conditions as, 

v 
where, 

p::: Velocity pressure in inches of water 

For compressible fluids,a correction f8ctor-Civen in the 
Lroph should be used. 

Since it is possible to dets:f'mine velocity ot n poiat in 

the flOl'1 ,veloci ty di&f;r~:JIl can be constructed for a .:.;1 yen flo':l 
. cross-section.:Lntegrntion of the distribution ~_raph yields the I 
flow rate.In prnctice this is done b~y' dividinG the flo\'1 cross­

::;ection into iL18ginf';r;y sections and veloci tyis deterlJined ct 

8 reprcsrmtitive point of the section.Trle 3UIJL13tion of products 
of inc;i vidunl veloei ty and related section;~l (~ren \'Jill 5i va 
the flo,,"; rate. 

E;::<111 rcct<:m{...les. For the GQI;!C subdivision circular duct) 
concentric DnTIulur nJ:eas '.'Ii th equnl v;;"lm~s El'e used. 'llhe stcm-

-.--j .... .,... --·':-;C' -'-1'-''"' ')c,"na-"-r-'-i 0.<' O"r t-_u~.,,_ ... t- _'-' t '-,l~ '" _""J __ sections ~re given in the 
:fi;.:..ure. The loc[_~tion of the tro.verse points of' £litot tube are 

at the centers of' those concentric sections not i:tidi';[\~/ nloHe 

the (iiumater betueen o.djQcent bound.:l!"J circles. 

1~pPCtr2tu_s: . 

1) ?itot tube 

_2)Connectin5 hose 

3)I~clined U manometers 
4)Air (}uct with v2.ri~:ible flm'! r<-:~te ~ .. rr,?nGement 
5 )"?ropeller' t~,.pe ,::memOIrleter 

, " ~ 
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I 
I 

Procedure :. 
I)lnst::~11 the equir).f:1Gnt <:~s sho\'/D in the fieure. 

2) L:,8 sure thL'!.t the L section oi' tile tube in p.n:callel to 

the s'trec:IU lines. 

3) Toke sev2rnl re~~din0sby pi tot tube ondthe oncElOmetel'" 

Ul'1d ... uIot the results on the srune ;~ranh UD.Der'. - ... ".I.. 

l);:;hy the velocity D.t the center of a circular cross-

section is not used as the characteristic velocity of 

tho central section ? 

2) \ihy the I>itot tube is qui to sensi ti ve to yav/. (the 

inclination ~mc..;le between the axis of the tube and 

the direction oi' £,loYJ ) 

:3) If a hot-Ylire unemometer is operated at hi[,htempe­

I'G.tures, wh:::tt will' be the Irioin cause of error 'i 

.. 

I 
i 

L . _ . .....,..., .-.... .;,. ... ~ •......... j .........,....,......--_ ... _-- -.," -
'~~~I~-..u;'C.:2n:r':;1lI"3~~."""""''''''''''' __ , __ . ___ . ______ --:----~------

-~~.-":'---,.-.- ."-- -- - .. -----~~-.-.--.. ----------~-------~--.-
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In order to mc;.,surc the veloci t;y o~r n 

other devices ,celled tho oncmonctcro.Ao ;:;11 c:-:c.::lple the propeller type,' 

ib countinc mechonisfle consiots of' 0. DroDcller and 2 . " 
Tne Llcter r<:;co:r'u.s tho umount of' fluid passed. It hse c, clutch l:lochmlioB 

to stop m:c1 Gt!!t the countins I:lCCh~~limTI,providii1J n rnted opcrc'ltinC tine. 

'Tho l?lo'fl rate is co.lculc.ted by dividing the flO\'; by the tiL;D. 

'I' Hot 'Hire anemOfi!ctcr is 3. thorBal motor, consifJtin,-~ of' [l vrn"y thi:n wil'c, 
c,nd ci:-J.::cuits :for lw.::tinL ond pm'mr T,le[,sm .... c~i1ent. Tbe i'lirc ioplo,ced in n 

I otrct:In o::f'air, C!.ncl heated nt n rDte -,':hich I':o.into.ins c. con::;-'w.nt terLpcrc,turc 

D,t the \':ire. 'I'hiG rno[_:ns thnt the t:mcunt 0:[' hoed dis~;ipo.tcd :frOE.l .tho 'I.'lire 

is tnl:en GnDY by the t"lm':in,'; £'luic1. Since tho coo] inc I'ctc is rclnted with 

the :flow rc~ to ''';'('o .... (''r c"'J i bl-'Dt;on ,-j't -i n pOGGi bl,: +0',' 'obtnii1, .thc1:<~tc,"',,' 1-'- :-J_ ..... ~- """.J,.. .... _,..l.. _w '"'" (,...\. 

of' :flow by mCC;Dur<ing the ClL,Ot1.!.'1t of electrical ener.::oy consUl"i:cc1 in tbe 

IWire • 

I 

-
COL/NrFR 

..,.,~---

' . I','" 
·V 
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STuDY 

Object: The object of' this Gj·~eri!!1ent is to aequO-int the student 
'.\'/'-; +h b~r~-_:, r. ·O·-':,O"~"l""'e· 11r';. ('ht reI··' ... ··; 011 by -··enC·uri·;) , T)"r'cs<>u""'e differences ..J.. v __ v .:.. - ' .... v0~ ............. ~.... \....~ .... _ J._ ,1-'oo!..J • l") _ _ .....t-

VIi th fluid VIi th the ctCt'Jfl 

", ~-., ( .... , .... , l' " 
.!.:lC::':.. C!'Cl1CCG: 0nc.nlCS, hOC lnlUCS m: Fluids,~Ar't.3-1 to' 3-2,Kecnr.m Gnd 

'l'hermod,ync:t:~ic properties of stc~;;.r..1, pp. 74- - 750 

Gr,';cm:LZD.tion of student grou:;s: Divido the ClDSS into groupo of 

or tln"'cc.l~ach ~:roup should perforll1 the ctl.lculutions inoopendentl;y. 

Theor;r: .Por full infoITlc:t:tbn 0:ii :::ppDrDtus,its uco [.md ChCll"'octeristics,.· , 
arena of'· .::~pplic[':bili t;y, cOl'U1cction tcchniqucc, ckLTGCS of 

necessc.ry COl"I'cctionc to be nlf.;dcpr·ovic1cd '::i th needed chartc,plc3.se refer 
to "Thco!J:1t 8octio:.l.s of' c:-:perincnts: }'il: 20I to 204. 

ii.DPc.rn tllfj: V:::.:.rious pi tot tubes [,nd 8ssociGtcd lTI2.nOElotcrs, bo.rometer 

hunS on the \7ell of' tho instructor f c !'oom. 

I.I.IuJ.ti.plc l?luid r::m'lomotcr 

;~ir prcDsu.re irwt:cuctor ::1"'0);1 n portable 

I. ':";1101;1 the Gcnlc l"'cD.din,cG m:1 U oie.pIc sl:crZch • 

2"Cc:lculcltc the :::ir prc8:::.urc ::\PI)liec1 in paiCo 

:5 ~ "::hc~t ia tho value 0:[: such n mo.nomctGr ? 

2.; ~~(;Dervoh" r.:nnorJ;ctcr ( r ... ·r'/;'C!' p}'c,stic type ) 

'Tho resm"voir c1i~;:r;l[:ter is 5/5 iIl. t,:::c: the tube C:icc.1ctcr is 3/16 in .. 
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II; ,., ~ 1". , . ii.nOWer -we ::,:o~J.orcJ:.t..ni_; qUCG"C2ons 

I. Colculnl:.c the :ccquirqc: di~:rt;i.:1H;l; betvlcon mo.rks on the sc~le for 

one 

2.Checl: your ct~lculc.tions b;'l r~CDsurc;:;:ent of' sccla (Dcc.le removc-ble 
from Gp:::r'c U2li t) .. 

3 .. Eo\'; l!.,ueh should thc rc;~orvoir level clKtl1,:;.e v:hen ti1C fluid 

Inove S CD-e iTl c in tbc Gill;).ll tube 'i 

:5 0 I:;:1ClirlC<:i tube i,:nl1oltlete:r' 

'.i.'11is unit 11[':'3 £:', scc.le c<~J.ibrL1tcd lor c.:f.'luid of specific ~,:J."'nvity 

10':;::-;;:.\1: i:3 the spccific i';I'2Vi t~' of th.o fluid noy/ in the fIlC:110r.leter? ',' 
( -. . 

C··r-:.o-n"]"l ,.-,'" ... ...:;; "v'-~ ... _ .......... ) . 
L~_., ?i-to~t -tube rGc.(1:i11~;~ 

Opcr-c.tc tho \';ine. tunnel [~t the speed settin~ Dpcci:tic(] by the 

tor' 0 ::':c[;,d :;-,T'CSDll.r'CG on the 10'.':01" mCnOl:ictcr. I:cod nne rc,;cord the 

indic1.1tcCi. belo\;: 

StD.[;;l1:::tion pl-·csc. in -!:.unncl,Fo ::: in.of 
;:)tntic prcn1D. in tunnol, 

1.i<:1.llOI:lctor ProblclG.: 

difference P -? o 

11(.; .. c.nd the ':;I:lbicnt tClPOI'ctUl"C iu SO dCt,. F. 

n) Cc;~:plctc tho :[,ollor;~l'lC -~c~blc of nrCGGt.u'c 

b) Shoy! ~::ll cr:;.lcul:.,tion::.; ~ 

l~ ::: II " 
" II 

nlon.:..., 

11 

" 

~-=_~~_. _____ ------J'i 
, 
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}?IPE 

lncli viC:Uc.l E;mcrimcnt..::! . " 
301 
30{2 

i.:C['.Gtl.rCL1cnt of ~~'10\'1 by volwrlotric :flo\'! met~rs 

LCL';Gurcrncnt of' ZIon by r::~te ucter - Hotmneter 
')05 L~CU8UrCmei1t of flo':: variable hend setern 

Venturi I:lctcr 

Flori nozzle 

Grii'icc plGte 

Velocity und Prc.sc. .. drop for isothcrI:l~1 :LIo\'.' in c. ttibe 

::?Lio 305 'I:,!PCC or Pipc fIc\'! 

Fl.:.306 Pipe li'riction 

J?L:.. 307 Lir:litinc::; Pipe :Flow 

FL:. 308 ];'low rl'.ctcx'in,::; o.nc1 Pipe floy! 

r--------. --------------------"~--------------------
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LIBASUliliL;ElJT OF ll'LG.'J BY VOlliILRTRIC FLOW 1;2TEP.s 

EJ:pcrir:wnt 1;0: :G'Eo 301 

Ob,jcct: 

flo..'inC· 

The rr:or;t GimpIest onc j,B 3 '.'!ci,Ghin.c;tnnk.A knc','m volUY;1c of 

PAGE 138· 

i 8 filled ,\"1i th fluid 2nd time rcquir'ct1 to er:lpt-J it is mccsurtx~.Thus 'tie 
D.ccurnte 2nd rclio.blc f'lo',',t nCl:wurcI;lCnt is obtained.It hns I'estrictions. 

A fuel Doter" is shmm in the :fii{,uI'C 4 

Lnothm. ... device UGcd ns volL:r;:etric E1ctor io the nutatil1G ('ii.oc .. Its' 
7"',..., :~c'i pI"" CO'" "'-+l">l'C·t"O""l 1_" u'" !.J_ ...... _l ~... __ .I. ... ,:;; 1..1_ 'l... -1- ..... shmlll in the fit~urc 0 Liquid comes 

bor .:J.!1d clue to tho diff'orcntinl prcsGurc, cnuses the disc 'to rott:t,~c.l:"tT 

tbj.srotD tiOD 03.c11 tiE1C ~ uc:fini to ['.lHotmt of' fluid 
,_. ;'-'1..-:-.+ ch;:rnbp ...... _, ·to +t1"" 0,.+1·",.!· e'f:'pCI ... ,·'-t(lrl b~·r -, "'''ri']' '''].' 0":"1 1;'--'7>01"· J' (~'u"'u"'lly' . ,i.J.. ..... vu _____ ... '-" .I v_ v ,,-1..,_1..,;;,1,..,<,,--,_... (. •• ~ ... -.._ V <..;. }.IL"'~~J ... lJ .... o~ ...... _ .• ~j-: '.") (..:~ "-:" 

leDcthnn I 5j. Thcc;e 1:in60 of i:Jctc:cs o.r-c:;rmitc.blc :201"' I:,i to 500 Eol/min .. 
,_. >1 "'},O"ll' in "-11'" -;'; ·tn··p 17'i'0' c··'en· ... \.!·' ... ; c':;l", }D~n-'(,ed _ W"J. , _ ~ .. _ l.. '" .... -l-' ',- - 0 ~." ... ,'~" ...... -. '" "'"0 .~~ """.\,. ". 

,'-. ' ". 

r;:Cl:JlCnt 0::: :fl0Y! :E'ror~;i:1J.ot· tm;6.:cdc the outlet. 

C~CC:l).J..~.:_~·i:e HIC"::C;~:<.:.:~-:~-" ir: o:j·t:l:~:L·:~'.C(~G~:l~ ·:::f:::'oc·ts of" \rj.sco8:L·1:~/ ::::.~d <1Q1t~i71~t· C~"'~- :1 
C11[:112~GC ;::l~C; ~10'i: }~li~_)1 t)ccC:t'J.[3C ·(J.1e: clcc;J:~.:::~i.CC bc·t~."'~CCl1 tl112 ... ·l:..~ncc ~c1 -t.1J.c ~":; 

'''. ~, u.) ! 
. I 

SC2.1ocl ('1"'1.1:C1 note:.'" con:Ji3t~; of' C'. c~/li:1G2j.C:c~1 cCii.dni:~:,m:d r:. rotor v;ith. .j 
:1!)i:":'21 vc.ne:3. The ( .. C:3 inlet 5.0 c:t the cz;ntcl' of thio rotor.·~:hcn [;0::1 cntm."'s II . ! 

'i~ "'.' -;'0 +.' .. '. r.._" 2.~"~ ,:. 0"..... '.!. ~ "'C'l 1F" 1 ," .. ,." r~ .;... O'~ n Ol~' -;- 'fir- '!~.,......... .j ~'} ('1].' ... .,...1 "C' -11-';.;' . '>:'hr:> . '.',: .l~." "I~~. ~ v,:, t.. u'" .'.,H."J .... ~V·.,,;; ..L.:. ;t-~ v .. _ 'c.·.""~·U· -> ., u.V-'-~" _ ••.... _, L.~ "" .,. 

~I y,'o.tC:;:' ;':hich 11:.'.;-; :Cil1ec1 tl'w D"iY::CC }')X'cviOUG1;/. Thio 8V2Cl'.ntion J:81iev0s . the 11 
r-oton~ tho.t pD.r·ticulc.r· VL,llC [.me:. 8.11 Ul")Y;C::'C; torque ruG p!'oc~ucca:ob.t the end, I 

e +h0. ~eo+'.:.'-;-.'.·_o~_,: C!".' +J'lC 1"'0+0'_''> ,_. n ol":':"h1cr~ ,,:;,.j 011 -1 D n-;-'cDortiol'cl ,to -che volume .... _ ... ___ \.f~..... _ ._ v... _ V U ).1.0', ____ ....... > •• <4).,.... -- !J_ i . . _. 

0 ·['- ·-:·..-1""'" ... {...r" .. ·;,\lC·I") ..... ·~o(i i'l1ln0 ~·\C"'1Ll1 .. ~,~').C·\T (\ .. r Col1C11 ,r'\ rt(" .. tC'y· j~:J [lDOt1t CI. Cj .t..:\SO ~ w'-!,.i:.,) l.t .. ~. u' ..... __ o.:~,1-1..:,. <... \j _ ...... ~ <J . .,J_ U,-,.1.. -- ~- ,- ¥"" «. 

", . "t f"c·+''''r'' ':, co "'10.1·1-0·· ... '''·n'·'l·i C" .! .. -'; 0'1 0,0 +'),0 ,",c,,1 f~,r~ (1'10'!'F~ )~)r;.1-ei' 'i+ 1_" '" ~l1.0-i, ~,,8lG11" ~. ~.I,"", _v ..... J ... l..l J..- '-\1""" .-. "',-'. t.l..J.. _ .J. VJ. '-.;i lJ t...-l. .. \;.,,-t. .:...J.. L ...... _ L ....... Yo _ ...... v ~ "' .............. " 

• ]." ,', -!-' ~",.]. "',""",' T'i ;1"" U· ~·l~·'l·"'·~r • .; , ... 1- 0 .r'l'o n'l">+e"~ ·!.·~"'1·',-'t',..··i'·' "": ", cn .ll·T'>"l nO"T't f'-"11l ';,'11 "no .!. •. ;.::)\.~.,. G • .u~'"lU.L . '"' ~ .'~.1."" .J-HV L. h ....... ,. v ... l,. • .Ll..U '-.;;.>' <. ...... -. '-'-". ;;' - ,_.l. :,r 
s one pi' the spirul VGl1CG. DtlC to ~~r~:'.'i ty rot.or 10::::'8.:3 'i to bGl~;,:lCC end b(.~ 't" " 

Line to rota.to to cnintc.in the bc.lc.ncc • .i\:Ctc:r ccrtnin Dmount of: rotGtion' 

the contc::::.t of' cc.ch liquid f:Lllcc. VC.ns bC.Gins to disch21\GC 0 

1''1'10 10bQQ positJ. va CiD])1t.'.ccI;1ont p1 .. ::,~p (:[:.11 bc UGCQ t:.S ~:, volln~ctric !qGt0T( ~ 
fn~,,,,. co· ... ,<~t,...,·. c+i 0" i'~ (·'no",,'1 "j'" • ... l'I)C> ';'l' ·· ... l"("·C. fi'bo -['10\'1 0:[' lim;; d cr' l ' '"lC tho lobCS~.·; _l. ... ~ _ ... ~.;)" _ t-.... v ......... __ v \.,..JJ.. I,.. _ . ...ll •• ~~ _ • ... .J\..,.:~- v 0 - ". .. ,. -- .................. ..."'" ... 

to rob.'.tc ':~TIG tl:is di~JPJ.?.;ccr::cnt Hi p~;."'oportionnl t.o tlle Gi~ount trsmsferl'cc1 \ 
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I"'I"OI;" 1" n1, e'!' +0 ou+l e -1- • 1'71"" f'J ~ C ~ ") '"' c"; ~ ... " _ _ I" v v v • - '-~l ''';. .!. 1-;') of such :SCt81'S nre up to I niiIlion 

cubic feet per hour. 

I ):;o:r'ldnc ii10((;18 o..ud 8c11e1112.tic diG.[,1."'2.r:1s or cross-sectione<.1 !J.odels of 

u) Hut::. tine sioc L!cter 

b) notc.r~' vane meter 

c) Scnlod drU11 meter 

d) ;'0; "h+ meto:;.'" Hv_~ v. 

c) TY:o-lQbea rotary ;-actcr 

Proccc1u:r'0 : 

studied and Dny simple In.CuDurcr..',ent 

is done 

. ·f 

""\ 
I 
I 

'j 
,! 
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l~:EASUHELJi:HT OP I:'LUN IT! HATEL:ETZl1S -- ROTiu.:ETETI 

TheOl"';'!: Ii. rotc.meter is shorm in the fi,sure. The :210'.'1 rntc in 

by f:.lC 0. sur ir:\;. the DrCCt tlU'onCh v.'hich the fluid. flm'13. It conoista of'·u 

perod <.;lmm tube end c: :flont innidco The flow is fro::!. the sfh::,11er end 

the other CDC} of the tUbI3.'l.'O l:eep thC! float at rm;y level in the tube,i t 
is required topr'ovide certain prcoDUI'c dif':f(;renti~l at thnt point. The 

:Clow p<:.:.sS·::'l£:C is p:l:'oportionnl to tho :[,10',': rete. The :flO\'; r.ste 

b;y compc.rinc the po~d tioD of the i'lont "Ii tIl Q cnlibrnted Gcnle on the 
. clnss tV.be. 

To!' i..;' steti c equili h:eiULl posi tioD the follO'win~: c.nc.ly Gis of float 
sition is 1l1udc : 

where: 

of' flovl for 

Vrr:= }i"luid str'cnm n:cnn velccit;y 

Z - HeiGht ~bovc n datum line 

~:, .t~ccc:lcrc:tion due to ::.rc.vi ty 
U·"'u""l"l· ·:-h".. 1")1:"'1; ,.1"1' c'';.L·o·F'o'r',''·'r."··..,, .; '"' 1-;0"1-.1' ·· .. 1· '01(·' w t." 4..t,!, v ...... ~ .d.:"'_~lJ . ., .. ..1. - - .... _ ... \.,;_ . .t.1-.l ~~ b u .. , 

::: !:L: (p- - P) . 
/' 7 :z. 

on +h'"' 'ooJ·.1. 0 :-"· O'l'" ''-he _I~'JO'···!. ·i~ +h~ o+')·-'-J.D.tion Dr0"'"'U"""C r·ct·i11-" ctb1,',nvrnrd ~ y "" \..\.. ,., .. (... .l.J .... \.. _'-' u .1.;., vV<"~J.l _ .. _IJU.!. ~,,-, __ ,-' 

on the: 'f'lo:::t is stntic pres8urc .. AlthouGD thin mi.J1t not be truc~.:-in.o. 

vcry st:cict sense, i!t in 1?CWJ0112ble: enOUGh to c1cmonstre:tc tho roln-ciol1 
.. h .. , t.r.< "1 d '0 r.~ '"' ~n'-ulu'"' t"1~t , .... -'.';Or.1:."1:J.·O v.\ 0.1.:.··, t}lO D8\,\'1C011 enG rD, ,0 o.t: :L .. OVI :..-:I1 'cnc c.r>;;,,: OJ: U ilL _ 'J I !... _.;;> ~..!.... '. • . 

f'loD.t in the tubco 

/f If r Vm; /j+ J{ I = /f 7! -1-. ~.; !'; 'V7 
whore: 

il.l :S:C"fcctiv8 ['.ron of flo[~t 

V Volume 0::' float 

.Ij: ;';ci:.::ht cenci ty of :floCtt 

t---_ ..... _ .. __ .. _ .... _. ___ . __ . ____ . __ ._._. __ . ___ _ 
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, . . t ~ . t .. GlC·tl cenSl"y of :flL1id 
Continu.it;y . equQtion 

y,hc:ec: 

o ... := li:utc of :flovl of fluid 

l';.1:'O8. 01' inlet to tnpG:t>cd tube 

1\.2 1.. lU221ulnr t~rGn bctl'iCCn :floet Dnd tube 

Cc Coci'f'icicnt oi'contY'nction := 0.6 - 0.8 

o.nd co;~:bini:J.D ti,lC!E: C:l1,tc oliE1iIl~,tc P2,Pl.,VL12 £"::'10. V1:;J.,':;c .cot, 

J=Cc~ yjl%[#-~J 7 

ADPDrc.t1 .. 1G: 1) ,;·:otcJ'i1.Ctcr 
2) COfJl1Qctio:r:s of ','i2.tCI' supply 

3) ::;t.0P YIC, tell 

:;?l'OC e:dl.:.:!:c: I) Excmino tho rot~Jf1Gtol' cm:cfully 

2)C "'li'oy··,·L e ;·t ·"'oY'·",:·,tc-" ~.'l -'- _c .. lr __ J. _ \.~>....J. J. 

~.) ('·uP'"'l--~ .) ~ .!/ J' 

c)Collect ';:c:teX' in 8. buc1:::ct :Cm'" oci'i!litc nori':,dB ;;;.t ench level of. 

:floy! rc;.tc B1c:icnt8d bS the rotf:!Il·::t'2J' 

d)PJ.ot the ,:'::ctuel f'loYi rnto VG" z:lcte~c reco:::ds 

C~liC[3t:l.c!r.l8 : 

10v:or flO-j',r r'··..!-e· c> "'11'\7, 7' 
• I,~. v """"~."v . 

0:[ tl1e f'lC\:r:~n:: :fluio .... 
cui table; f'loat r~lD.toriD,l is ;]8lectcc1 :;:"'or c, ;.:,i vcm :fluid oPrcvcthtl± for 

the rclo.tion of / :::: ~.7: . -exisl:> :for Droner compen:xltiol1 • 
"//op.z' "/hbV' L -, . 
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l:ir:lcl of vl..'\1 V0 ,.bl.,t it doos not con t:'ol a. 

just .:the oPPo:3ite, that is the :flou controls i t.'Thc p~ston 11m) seversl 

slots a:::'ound its periphery 9 In co-so 0:[' no :q.o'\'!, thc sprinc ::.ietq t'i1C piston' 

on ita Gent enG thO-t POiI:.t of the il-:d~.cGtor is TI18rkco 28 ;3cro",Jlcn fluid, 

besins to :['10"1'.', the :)ictO:'1 is rc:iscc1 ul~til tho Glot 2,rc~ io cnou~:h to let 
tbe i'luic1 lIm: th:"'cugh" 'l'hi::; DC':! position of the stcn is inti.ic::-:.tod by the 

pointc:r~ 

:.)~r the colcct:Lon of ;:~ proper oprln:.:; 2nd J.in}:t:Li:.;C to p:)i::'!.tor, it is pOG-

sible to Eind rcn,sc of 
fJ<o~~: :,~~c·.·tcs 0 . 

. -, 
c.' ~:~-~~1!7:c .. LC ,~. 

",' ." 
_"'"' i-J. 

thct iLl flow :c~~te is 2. :ful1c'~i:J::l 0:::' ho~.Zht ~mc 0. ::';PGci:~;::. I.' C01·i~':::;; . .',nt i'o"i..'" 

G.c:cll speci:l'ic Glu::.p::: cd:' '.'!G:L:r:oJ~ltLG'C..()l s'.:;::>:: ·:~~!Co:f·ct:Lc'.~l c(:lcul:.:t'i.J,onc ::',1:'0 
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I 

"lass lube 

, , 

." , 

V/ltfl/J/3L.t:- 19££.4 M.£r~:;R 

'.I~ ,vn;}OZ F ('7: FA r- : 

--- --------- --,---------~ ....... ~, ~-~-----~......;....,-------~ 
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~,EASDREf,:ENT OJ? FLOVl BY VAlUABLE - I-IE/ill METERS 

v,GNTlJRI 1,lET,t;R ; .. 

FLOW NOZZLE 
OHI]'ICE PLATE, 

Experiment lW: 
'i"'\""'" 
l.~ .h~ .. 303 

Ob.iect: lY:e8.surement o£' £,lo\'! by vo.rio.ble-hec\d meters, venturi' 
meter,fJ.oVl nozzle und ori£,ice plate. 

TheOT'Y: 1':'18 f'~mdc;mental principles -underlying their 0PC1';U-' 

:po.tions G.re eX0.\ct~y the sorne. The velocity of flow is 

increased by CG;usinC the fluid to f'lowthrough a con­
stl"iction.J;.t might-be D. venturi,of'10vrl1ozz1eor :an 
ol'i£'ice plate. 

The result is on increase in the Idnetic 

:flo'.'l Ilccomponied by n correspondinc drop in pressure, 
at the constriction. 

The IDCtthemmtic<";t1 B-n:Jlysis ,is the, some i'or :all of,' 

them und is presented in the following section. 

, Assu.rning no 'work is done between the sections, I' 

~nd 2,nnc1 consideing the heo.t tr~msferrec1 to be neg­
licible,the cnBrLY equo.tion :for stenoy st~t0,per unit 
muss, 

vlh~re, 

Z = Elevntion of center of flo\'l strenm 
U = Intermll energy 

P = Static pressure 

I voluI::tetric flow 
i ow passuge area V = Q/A = --:--1 .'1 

J .... J •. ,,'. 
_L --=-_""~'1T""""'~""""'-"""'-•• -'--, ---------=---_-:= __ --,.'--~~-

-----,--------- 1 r--------.----.--------.. ---,---------------
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For steady stt.'..te, tile continuity equa.tion, 

{.q. t1 -=:.f'z. 8 2 Jt2 

and O-sS't.ullinC the flow pnssc.C8 D.r·e~\s D.re circular, 

solving for V~ ,vie Get, 
1/ ,/.Jf. V2 ~ 
y/ = Y.z. .;; • .lj,Z. = 

v:here, Fl 2-

/?:z.". .:!:2..-
/ - .tJ..2-

7 

Substi tutinG these into the cnermr eouation , 
~z . . ~ . if 1-/3"1 #Jj= (;z,-:2,)+ (tI, -1/,)+(1 -1) _ __ 

usually the di:fference in heiGht, ( Z~ - Z2 ), is mQde neg- . 

li6ible ,f'10Vl is assumed ~riction1ess,thut is ( U~ -U2 ) is 

eq:Ul_ t]l;0zero.:; tho reS\ilt/in~ e. qU~1tiO;.:z.' 
¥.z - .:z." - --

. . 7'--/3" [/;./.t; 7 . f/ ;;: 
Ideo.l mass fl0\7~. rate will be, '(. . ~ 

/¥, _ .. .21- . .~ IiJ 2-

_ <' ~ f'. 8< V. '" .Ii. ,-9,. ;-J3'f-%J' . ~ -721 
I.'or £) p .£7 . 

. .IF :: JL = J 

41.: = A:t. y.,d~~~' 
• 

This equ8.tion is good for frictionless,adiQ.butic flow of 

incomDressible fluid.These idco.l conditions can not be nmin-. 
~. . 

-cained in prctcticeD'Thc pressures meQ.sured,mi[;htnot be nt the 

proper points of f'low. 

_" __ ~ __ " . __________ -:-__ ~ ____ . __ .~. ---'"'7"--
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(Jlhe [I,ren of constriction at rOOTI temperature ','fill be c1i:f- I 
f'erent under operating conditions. Thus the Ctctual fIm'l :r:;-;tc ! 

/1i.= A:z -/07-/3~) :C·.E'~/f4P" 
v/here, 

liJQ ::: Actual :floVl 
C ::: Coefficient of dischar[0 = l.;o/Illi 

,- E - Correction factor for thcnnal expnnsion 

K ::: Flow coefficient <~-

ThUs, ' 

K= /I.zA;E /:z/f4? 
,.. 

lTor compressible fluid floVl, ,Ole have to substitute cntholpy 

h,£'or "end the ideal flo-q equntion becomes, 

In case of' idenl gus and const~nt specii'ic hec.t , 

L-L=: 71£. T,f ~_ ~)T,,~J 
~,:L ;?'-7' - "/ f /- 17; /' j 

Ylhere , 

k = Cp / Cv 

R ::: Gns constant· 

T ::: Absolutetempero.tur(~ 

I 

Combining and simplifying the above equationS,\"le Got, 

~ 

,: 
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-

~_. ____________ -----a~~~----~----------------7-.-N--R, __________ , 

Using the s~Tmbol 50 for the bracket, the D.ctu.:.:.l flow rate 

will be e~~pr8ssed 

.~= ~£E pi /2J?& 4/:/'. 

'l.'lhere the coefficients [.TO the some of those e:cplD.ined before. 

This eqm:~tion is Good for· isentropic :flo\'l of' compressiblE :fluids. 

Tttblc I x 

V~ .. lues of 0 for use of venturi meters and nozzles 

( k = 1..4 ) 

P2/Pr C.25 0.4 r, 5 v. 0.6 0.65 
C1.S8 O.98S;3 O .. ~890 (). S;824· 009372 0092.63 

0.96 0.9782 0.9776 C· ~ S~riG5 0 .. 97<5- CC 9~72L~ 

0.94 O.9G72 o. S~G·62 O.9C.<6 0 .. 9(;13 0 .. 9585 
C.92 0.9570 C.9548 e,o 9;~<26 Co Of.8Li . ..,; T .- O.94£;7 
ooSte 0 .. ~iL~47 O.~452 .0 .. 9405 (;09352 (:,,9309 

For orifice plates,the·pressure d!'op will be much less 

I 
thnn 90 ~.; ::mc1 th01:'0 is too g:rCCtt error in the calculntion of £,10,\:'; 

·bv '1",-inn" p'·D"'U",-lOl1 -f~c.t.or· O'i !h"o+hc'''' t=::Tn""~""'':;·C,..·1 G·:'.··l·';:"':(l~io-n ·_n:.:~+o-;~ Jti t.,..; .. ~---u ...... ..1'1. .... ~'I..J. V.J.. __ ... - t.:.l \.J, ,IV. eM.1 v·' .... "'''.:'';Ul"'' ..J-.1.. -L. t,. ... .J.,. ~ -J .... _ ....... _ -.._ v ..... 

Y ,is used instead of. 0 0 

The values of 1) 2/PI above 0.99, incompressible fluid :f101,7 

equution CCln be used v:i thout 8.ny llre:::.:.t errOl"'" In the f'o110wing tr:.b-

1e, the error of incompressible fluid equr.,tion for different valu.­

es P2/PI is eiven • 

x) I,~echc.nic<1:l1En.f:~'g Labor.::tory P.67 by I;lessersmlth,Vi£~rncr Olsen 
2 no. EfJition John Vii1ey . I _________________ .. ___ ~>QJI 

--
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fl'oblc: 2 X 

.P2/P1 9G Error or 
(I - 0 ) .. 100 

1.000 1.000 0.000 

0.990 0.994 0.60 
0.980 0.9884 . I.I6 

0,,960 0.9765 2.35 
0 .. 940 0.9646 3.54 
0.920 0 .. 9526 4.74 
0 .. 900 0.9405 5.95 
0 .. 800 0.8780 12 .. 2 

0.700 0.8120 18.8· 

0.600 0.7440 25.6 

Venturi I.ieter!. 

In the figure,venturi tube is shovm schematically.It con­

sists of 0 cylindrical throat section,a conver~ing section nnd a 
di:ff'user .. 'l'he optimum angle of diffuser is o.bout 7 degrees, for mi­

nimum friction end m:::.ximurn recovery.The pressure loss from secti-. 
on I to :5 is :to - 20 56 of the differentic.:l pressure .. Venturi tube 

,'! \ I < sizes =e not stnndnrdized. 

'the co·efficients nre usunlly function of Reynold t s nu:u:­

ber ond meter size.i.:nin disadv~'1tQ:;es are its bulkiness Di.'ld dif­
ficulty in construction. 

'. 
:;::)Industrial Instrnmentc.tion p. 273 

Ey Echm:.m, John Wiley 

i 

I 
! 
I 
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Some common flow _nozzle shnpes ::l.re shovm in fibures 0 }'lov! 

nozzles can be considered os venturi meters y!i thout diffusers in 

a \'.'[xy. 

The nozzle has a pressure loss of 0.50 to 0.95 of' tho 

dif'ferentinl pressure obtnined.Flo .... ' coefficient is ulno n i'unc­
tion of' Reynold's nrnnber lli1d a table is~iven. 

Orif'ice 

PAGE/.j1J 

The orifice is the simplest form of'the constriction.The 

flow shape is illustrated in the figure. The smallest oren is cnl­

led the vena contractu and the Im'Jest pressure occurring at this 

section. 'rhus it is obvious that tlie location of pressure COIm0C­

i!ions has large influence on the pressure differential detcl:lili­
nation.The sharp edged orifice is the most. used type.The sharoness . . - ~. . 

of' the upstremaside of the orifice is very irr,port<::nt in inf'lu";; 

encing the flow measurements.Licht re:f:~lections of' ~my Idnc1 sho­
uld be ~voidec1. 

by properly mnnuf'nctured orifice plntes, it is possible 

to reproducE: :flow condi tions vii th very high de[;ree of' nccurnoy. 

ThB discharge coefficients tU'e function of' orifice t;ype, 

pipe size, ratio of orifice diameter J the Reynold t s number', and the 
locution of the pressure connections. 

Veryelnboratetabulctions of' those coefficients for va­
rious combinations are given in the· publicotion of ASr,'[E, "Fluid 

ri:eters, their theo~J and npplicntion ",Ptlrt I, 1937. -_ 
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I 

::~ 

iiDparn tus : 

I)Venturi meter 
2)Flow nozzle 

3)Orifice plate 
4)Suituble differential mCillometers 
5) The circulntion orrungementshovm in the :fif;ure 

6)Stop 'wo.tch 

Procedure: -

I Questions: 

r)Exnmine each· system elements c&.refully 
2)Take readings by each one and check them by the 

water collected at the reservoir;e for a given 

time period 
.:5 )Plotthe nctual values of' flo\'J versus the 1'ea­

dings obtained by those three variable head n:e-

tel's ... 
4)Compnre the results. 

.. I)\ihnt ere the advnntases of venturi meters over 

the others ? 
2),Ihnt is the use of excentric orifice plates ? 
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FUEXP: 

C~/F/CE 

PAGE /:;'3 
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Object: .JtU(~7 of vclocit;,/ Dnd prcs[jure drop :['01' icothcI'21:.1 :rIm! 

in D. tt1.bc. 

PAGE /51' 

'II" 0""'" .'. ~~~'~-·i,..,.t'T o-~ c'"'"''''''(>i-lc'~''c'"'l ·l-"c~·'nl·c·Lle·'" 'T'n,r br:-. '1°0"-: +0 dotO""'r')i~'\'"'> 11(~; .l.. ;/. ..::.~ VC ........ L _~~) J.. .#I.1o.}J\"- _1 ..... ,J.,L <..-<. lit..:. 1.1.... i '-' Lh:...::.v v l,. .. v .\......... -- ............ -,j,~ 

vclocit~r 2nd n:ccmmrc drop J:'or i30thcrC:-L::::.l :flm'l ill 0 tube.lioy,t prCGGDI'C I 
<3ro1)O E2-\'" be dcterElil1Ccl VCI.'Y, :J.ccul'c,tcly b;y 2. !licror,;[ClO:ilctcI'.il. l"Jot - -·:::L:r·c I 
Ctlle~ilo!:lct~r \'Iill be USC;(' to m~23urc vcloci t~r' so thnt fluctu2tin,_, CO:i;~)GnC~'lt;i 

i noy also be obtrdnc;c' e 1'hu5 tr:::msitior.. phcnol:lcn~:,_ in ::,oinc; froEl lc.::;inc::c t.o I 
turbulC:l-lt :Clov; ( C!:.G vice veX-CD ) Gc.:lJ' elso be dc:rlOn;Jtro.tec in this c::pcri-I 

. 5 
mento 

2. ~,511icn~h-:leter 

~.~hcatstonc bridLe 

5. DC povler supply 

6. Go.IV2.110metcr 

7. V':i.euun tUDe I,:illi vol tnetcr I 
~ 

9~CscillOGcopo ~ 
I' 

S 
-:;'I'or·c ... 1""c·· . 'l'1lC re;::;i:J+DTICC, TIo, OJ: the CtlCr.,ouctor eircuj t Fi'i",· b(~ ·~"~'1.T(i ~ A. \".,0 ~ v. \..-!.- .,....., • ~ .,1;'. '-'v '::~.:.. \,... L o."~ ~ 

ti L'.t room tCl~;pcrt:,ture by bu.1D.Tlcin£ ths 'Ilhcatstonc bridGe. Tbis vz,lu.Q i D reel; M 
i ~ i t .. t io' voltG~.:,.,il:.ilL;rl;y 2 v~Juc of ttc nn(~lilOli;etcr circuit rccistc.r.(;o,n,i~: II 

I obtc:i.ncd at i~) '1011:0. :'118 COl';L"cspom'lin[. voltu ...... c drop Dcrose the hot y!j.rc ~ 

[,;18 \','Cll :"',0 the cOl'rG~~ponciing prC08UI'O d:t'op m<.:y be rccai for cJif'1'erC:it VC~· ~ 

loeitic\C' 0+' 1';1',; n!";r -?J oV' The ""1'0·""., e vel oei t,! i <- C')lCt~l ,04""(, ·;-> .... '0·'1 tile ~,~,_ 1 . ,.~....,": -~ ..... --.~" ,~.-' '.!~ ",,'<.;..I.L.,c:.. ,,'" .": ~,. c "-' ... ""'~ -'" .j. .._.' 1 
.::j<m-J..lOlf30Ulllc equ8:Clon,C:I1.G Cl plot OJ: 'Veloel. -cy _ "tlECD C.l.Clte; P v(;r~;UG vol tC1 
L.c drop ti:,:cs cu:r'X'cmtoi' the hot y;j,rc is j;;[:(lc for n e:-:librct.ion of t~ic 

hot \'!i::.'(;'; ~on(:L"lOJictcr. j,'hc l'loVl veloci t~il If:.2.y be incrccsed c~r;.C1. the vcloci t;/ 

vurL::.tion !?1~(;y be Deem O:1i:t.D or;cilloo'copc to illuctrntc tt'.:;rwi tj.on pllC(:Oi;lC-

1180 

'leIocit;,/ c3rop thG. hot 
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~) )l)Jot 1 '.j. ~ _ '17(;. •. OC:L vy 6I'Op of hot 
\'j:irc. 

:5) 210i vel ocitJ' VCJ:·8\.J.~ prC138ErC (h·op. 

l; ) Scc;tch dif'i'crcmt velocity vDrio.tioDC :.:w seen 0:1 the:, oDcil1oDcopc. 

P~eSSUJl5 t!tFt;{//../Jro~ 

\ . . ...-----""""'....., 

;:/(01-1 .' 
c: OtwPIiGSSO!<. 

.. 

, I 

II 

II 
I 

~ __ ~ __ ~.-~ __ ~ __ D_. ______________________________________ -_~ 
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TYTES OF PIPE F'LG11 

305 

-, • '- " "1 The objqct or thiDc;:periI::lOnt is to observe tne -\;~rpc OJ; 1._0"\; 

in C pj.po c.t '\lf~rious I~c;ynolds l1wi.:bers vlhich define thc.trt.m::dtion bet,­

WGen lorninar 2tnd turbulent :r10\'! .. 

Shelllcs,l.;ceh[:i-lics o:f Fluids ,li..rt. iO-1 to 10-2. 

c:-' .2.niz::tion of .student i,l"OUPS: Divide the close into Grou.pe- of :5 or 4 

1.) 1!'10\,/ e qui pDcn t 
2) r.'l11''ICl'T:l0''''-'tr." ... "'''' • .... ~t,:; t...;~ 

:5) Vi:3cOGi t;y curve :L'oy' vn..::tcr CPoste6 Oil the LC,b. '::::.11) 
L) ":"-0--)"r"-'+c1'1 t '-" l .. } \<l ~ .. < .... 

}'l'oeedurc: 

I. T-I';O dicthlCt t;ypeo 0:[' nc;ynold::; nlliilbcr deterrilinc;ticn <:::1"8 to be ueed: 

2. 

a) ~tD,rti!i ~.;i tli l:::Tiiin::.~r flo\'1, i~~erca.se the veJ oei t~ .. Gr[c1.W:.:ll.y t1.n.til 

~curbuleEce buY'cto D.re obDerved. T[-:}ce meosure]:,ents to (} e-ccr1':i:nc the 

upper cri tic::o;l J-:::cYlJ.o1ds nU::lbcr ;:,t this point. 

b) .:;tnl'tinL;,' \'!l tb I[;[;li::wr :flori, incrcn;:3G the velcel t;y ,';.'hile vi brc:ti~;0 
trw t'C.b~:: ~.r:d Vlc\tchirl[; the DDtUT'C oi' tbs :flo\'! dicturbc.nce to obser­

ve '.','hc;tbcr it ~r'Oi,!s or is OCIl1pcdQ;'it tl:e hi:.J;c.st :,':'10\'/ 1"'[(to i'or 

'.'/hicl1 .the di[.;turbancc is ctil1 (; [,r:lp cd , tDlr:c UCDGUrCl;,cnts 'to cict.cr-
wir:e tn:; lo':.''"'r Ci'-1·1·'ie~'1 ~~c·"nol'a''''' 'oU-:lbc"r. ~~ \,;; - ~ V...L. ",~, _ _ .. J ... .t .lu 1 ... .t~ _ ,. 

) ~ :;"1:8 ir:.sidc Ciia;:lCtCT' or the tUbe is· the chor:tctcric:tic l(:r:(th to GO 
lu-;cd in. cnlcnIc. tin~; l·; .. ~ 0 

1\G 

bo DicCUSG spectrum of states of' :t:'lo\'J~ 

I. L::~min.::-\l'" £,10\';- no disturb::mce 
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,2. ;'l'[~nGi tior: :flovlG - ciiGtm:'bo.nce I::::lY be preDcnt, but ci th0I' dice 

ou t or is p:L'odu(;cd onl;,/ !'"hen tu.be is .lJel' ~. 

turbc(1 .. 

c .. Describe c::pcrir:"cmtDl technique, i. c 

d 0 Ci.llcul::~ te 

(':";cch ctudGnt must Dc-ke his m'm i.ndependent ct,lcul~,tion ) 

Students \'/ill prob.;:,bl~l h2ve :f'its ,\';i tll units end ';dth ViiJcisi t;y 

v2;luCG. Ee prcDr~X'C(~ to ctr[.;.i.:...:htcn t?lC[) ou to 

, 

j 
I 
j 

I 
I 
1 

I 
j 



I 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL PAGE 158 I 

SEBEK,I5TAtJBUL I 
=z>_~_'_' ----....-..., i 

j,
"\7 r", • 
,~ . -::p-'" 

.i~ In.,. 306 

P i pr- ~.l."'-(""Ol· ctl' 0'·' '[""~c' +0" ·f r"_'Q~' 1:'cv'lOI'C~l c, 1'11"'-DO-1" ~l"'D ·"'0"'" -rlO\'r 0'1" l' '1"'O;:\P-('C:"'l<'~' "',-_ - .. --.... .l.1 .. \,.;.... v _ ,_, l.o<l.__ ..l .. tl.1- ...... ...1~.1 ~.I.e l .J... J. .J... -. i J- ... 1 '-' ........ _ \.. t..J ... OJ 

Ie fluido in ;::;;-,lOoth pipcl3~ 

"ocl""n'ic'~ -;:'o':1"'-th (")(l-i+l'Ol' tl'..I.-+ C;_L +0 P-7 J..,. ..I ....... -_~,_I"....:._.1.v_,,_v _"', .......... <.,;. v 0..,..; ,0 

Cp{;.::~rdz::"tion of Student Groups: Divide. the cl.!)08 irlto . . L.I'OUps. Four 

i~roupc co,n booccupicd on the o.ppc:r:'3.tu,s ,wfri Ie the rr:J::w,inin,; tviO pm:':'::cn::l 

co.lculcd:ions. The GI'01J.p ccm thoD: be cycled .A· sUGgested schema for cix .:.:;r(}­

ups liuted [;\3 A,b;C,D,E nnd 1" in : 
WRr£~ ~/If< !-cHI-I: lIJ. H TIOI\I S 

A e c D £',r 
C J) J: F R,B 
,IF F ,q B C)'z> . 

(i'i'. 10-22 of'Sh,-·tr;cs) i <"! r:c.!.,,·!;:,lly. r, c07;-'u-il·",tl'on O~.L~ ;")r,,,n ""n""Y'J.''''roorl-l.;~] 

1\ 
i 
l 

:: 

Ii 
Ii 
,l ,-
ii 
II 

Ii 
;1 II 

!i 
i! I I' 

!ll 
i! 
il 

Ii 
Ii 

~ 
I 
I. 

I. 
I 

I 
~ - -,0. .. .1. _ \..",i -"" I\.. .-...... . 0&,.... ... _....... (".... ,,,;~'-~,4V \.,; ... "".!..1............ .l • .l..t.;;... t.t .. i reGultcoln or'c!cr to Cain o.n tmdcrctnndinG mid [;~n D.pprecio.ti01"J. of'the t:L.-

Ii Ii ty 01' thin pJ.ot,~{OU i':ill cOElpare n CtH'Ve of :r VfJ. J.'tc;ynoldn m:urtbGr ob-
I 

-'-"'l'y-r.:,r"1 -jn 'r-:"'" 1·..,i'o·p·,"tO'''u ',','i+l,l that ~l·'r""r. in 'P-i" IO-2') '['hi'" vlill :·ivc ~'r" l .. 1.:.", ... .I.y\.,t. _J.,j. .......... ~ ,<""""; _ (,...~ -tJ _ v ~ \ '"" __ .... --00 t.... • ...I"-~ w Ii ~ •• t".,.:.... ~: ,", L .... 

2T2 lCiCi.~ oi' th .. E:c.,sni tute of the c:::pcriIilcEt<.:l ei':Cort rcpl"c~!entcd b;:,.' -'chic 

plot. 

2.Ue:I'onotcr 

:5. 'l'hormornetcr 

40 Stopvl~.ltcll 
:501.)<.:dl 

6. ~tccl tClpa 

7.0c.::108 

pl"ovicl c one 

I 

I 
I 
I 
I 
'l 

--------,------~-------
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.I.):;:'OCO(!U:i.""C! : 

--v--'-l'" ~'--i(; .1 ~ ... l~ '. w , ..... ,.1_ .... 

'-'- 1 r - t 't' on~' :>",1"_ ,1-;.),0 l8 ,,0 r:l<"'l/~C -(}SO ClC CrrrllJ.Kl 'J,ons, .0 W' l,; ~ 

2. The :i':'rictioL 1083 for Q si11G1e lJip8 1eJl;.:th Elu:Jt bo cclculc\tcG :froT 

2.ir in the 
, • , , l' ' .., b 't' "v~l "Cl' ~'1' (\-"-1'-:]' cr'1 '.'."1'11. plPC If.) ";~O 0C (~En:cr;;;Ll(;Cl ';Y' L:H:;C;oUJ.:'ln..:; 'no l1:c,:a'-::1JJ:t '~o l'J' !- - -

r '1 be' th ce" 0(' '" ·!.hC """""'0) rn..:l !'IDl'l"'r';'l'~ ~ '('''eto'' 4""'01'" f'-i-P:COOO,o, 'J7 0 n ';:~I 'L Q -IJ."CJ:' OJ. l,;!~' 1-,11-' -, .;.IL~: c;.,!. _ . .J ... 1 G '-" .'-,,;, , ~.;..-'- .1" --_. 

8-IG,pDoII7 of Binder.In :['i"08-IC. V/um io r:.10ttcd VCr-GUB E8:r:'101do nULfJc:r:- I 
·0 .... · ;~': ...... G~ ~Ol~ U· \·~~Jr\·'···r.:. "- l· ~ th: ~"~;~"'i;:'-'r"'" ,TO·.lOOl' ~t,r ~nG~ 'if ..1·11:"'1 "),\"'-("\1"·0 'n '1;1""\1 oe' .) ~j·-·""I :;."J,,- "- r:t'"' < ~.l.,~ 1.0'1:'2 v ,.~~ -.'-'...:._~,\.L,h v. '. ,I <.... _ , (" ... , <..," ,- ~--,-. '-' ,'-- .L C'" 

. in t~;c tube. . 

Gvcra~c ve1ociticc. 
D. l'cport cOIlGictoring t;-,c :t'c~ul to 

the clltire cl':::::;[3. 

to'bc plotted on 10.-10: m:rQer. Cop'!thc npPI'onri<.: to e1.1:c-(",.; .... _.,..... tJ ... _ ... 

vc~ro:n pn,~.c 299 of ShCt!!leni'or comparison. Do rlOt (h"~l\'! a curve :for tho 

cxpcriLcntbl pointe but cor:lpnrc the veluco \';i tIl tbcsc indicated b;y tbe 

cur'v\? .Plot eir' Qnd ','.'utar rcsu1 tD on the scrs:c sheet ucin:.:., the :::'i~r::e COO:C( ~_-

'1'11i:.:> c::ncrimcnt l'cQui:;,-'cG thc lull coopcr~:.tion oi' cc:.ch person' invol vce: 

in order' to i'inioh on. time ,~nd to obte.in L;ood reoul toS" 

r,) "1 .... c"'~,., c c .'[" C'l', - '·--'~r'l 0'''' 1-") 'JOO 0'''' r.,-'ev -" ~ '"lr ' cu·."·''' 0'" -\T/" l' " S . c., JJ_w l.L'--''-' ~" '-.)' 2_·-;-:-c.!.'~'! ! ... -.: 0'-././ .l •• _ -,_v,<;," "I. '.!. V,'-..l. \'-~E2-"" 

H EirlC] er 0 

I . b) Discuse; GPp8r~;.tus ~~nd derilOn::.d:.r::.-ce • 

~ C) DiSCUGG 102,;-10,,-, plot c.nd cOErpm:i.sol1 0'.5' C:xp8:..""irr:er~:tc.1 POilt::, to 

1
1iched CUI've i'or GI.:loot.h pipCG. 

I c1 ).;'h;1' f' dccrCQGO~l '.ii t.h incrcr:::3inc r:oJ'l1o1ds l'lur;UlCl'" '( 

Ie) \;IW 10:30 \'(.111...100 nrc not tiJe seLlO in D.ir' i.::.nd '.-n.lJ:.cr plil)(~G '? 

:f) ~:l1y lW[.d le3G is const,:',nt 21o:n~ t11e pips ? 

;",) E:e]~ol'1G L;ucl1 3D 
,. 
r~i\'c 

I':a -COr' hcuc , ,otc. 
11) l?or trlo VliJ. t:s'r 

placed scvorQl feat 

I 
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i );/hich L;.;:;Lur;~Dtion is (prob201;y) y·csponsi.blc :Cor the di:t:CCI'OECC bct-
I 

or 
o:.~ ::'i.,o IO-22 0 

I 

~--- .•. - ---_._- --- -----------------'-------,---,-----, 
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J)ole ------ qro~pNo. ____________ __ 

/UR])nTH~ wnTE~ b/JTIJ: 

"Hpe })ja,..,e/er __ 2_" 5_0 ___ ;11. 

_______ 11. r,,6e /e;}5/h -------11. 
o J'emrerall4;-e_. ________ r 

/1-essure clr"r Pressure JrtJp 

11?/1.sC't&/It"7 _____ 'i'J 01 t. . /e/I sechi!h7. _____ lil ~ tJ 

rljhl seehD/j /11 OJ/ ---- rij/Jf $eepo/l ;/1 I~ /} 

aV£rqoe RO;/' 'J _______ J . dy~q~e M~O 

Y.e/o&l~ j'rE'SJure ____ //1 £0 we~Jlolwak._r _________ #$ 

lube cen/er fl'e/fJ£li f~e~ TH;'e dj /1~w~ ________ .:S8:: 

f)ver4j'e velo~ii f%&. dver4j'e ve/(J~,.A;,.c7;........---_/t%ec. 

5pel!/f'c 9 rQv/J, "ir.UJn{)~eler ._0/_1 _______ _ 

C/./JS.S .l2 IF :J.q.t. 75 

t;rollp /II/( WRTt"j!{ 

I /til). -.--
/Jve. ~e /, /lye. 

~e / I Ve/OG#'IJ Veloc,f 

I -... 
\ 

, 

~..AII~~~_ -.; ---- == , " , ... 4tJi1~ 
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Ob,'cct: The object of· this c::perirac.nt io lioitinc flQ~ in 
I 

piPCS,C:J.1G to COECPCtI'C COIllr~ 

Heforence: , .. :8chnnicD of Pluido, Art.I3-S; , 

1'11io cxpcrinent is concuctcd. \lith 

the entire the help of the instructor,onc 

nIl the vel ves .~.nd 

vulues :...nG post theLl for the cl:::ss. 

\':i tll 2. nozzle at tho inlo1; In'1G with prc;:Jsure 

bc:inv 7 in number c;nd e:lch 28 in. :'::'PQrt 

2)Vncuum pump 

u) Cor2trol nIl vnlvcs 81 o'lNly. 

b) DGmonstr~to lir::itil1L' :.ClOVI by vEll"JJin,L. the receiver precDure bc?lov,' 

linii tine prcGGure in the pipe. '1'hc pre;csurc distribution c:lc!!,s tho pipo 

will ccmtiEue to chc~n.;c 'I'd th the rocci vcr presourc lli'1.til the l:i.miti:-l~; 

condition is rouched. . I c) Cbt2i!1 dda showin:; the proosurc dstr;,bution in tile pj,po c'or the 

I 
CL.se \<ihc:c'c thc :;"10\'1 cc~n '00 trcntec1 88 cGscnticlll:;- incomprn~;~3i 'ole. 

<5.) Ob,:'>C':::i:'VG tho ch.::m.:,e il'! -the prcucul'c ciistribution ::~lon~:; V1C :pi~)c '''_' 
the receiver IJi:'cs;:JUre is ret'Uccc1., l\ccoru the pressure cictz'ibution feI' 

limitinb :rIm',' in the pipe,i.c. ,for the C<1SC of r:1inim.um r'::;ccivoI' r;:"'C:8E:;UrC~ 

c) ~ccordtho anto. neccssnr;y to fill in tho <lO:t:.l cheet • 
• ro ) 
..I. 1}.'118 3tu6entc should C:.!lGlyz8 the cc:thod :i:'or findinG 

CIt the c:-:i t. It is oovio1..101;)' not em. incntropic exp.:msi or;, 0 

g) ISo, tu~per~:tul"G corrcctiol"! io noq~cd :Cor the bcroDotric r'c,;;~diIl2; • 

i) P1 ~'l!d TJ. DI'O L,t the pipe e:ntr~mcc,.nr:d not. rOOD con(iJdoncoAc~,':L;::(: 

the :flol': thrOUGh the nozzle is iDc~l.tropieo 

____ .. c __ .• ___ ·_· _________ _ 
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c) .ASGUL:ir:_~ I'eversiblo ~uiQbQtic ::10Vl tin:'ou~,h the :Lnlct r:oszle;, c~:lculc~ tc 

the irllet ~,:~:;ch nU;:iiDcr L:nd .::~e;ynoldG EU~lbe:e IOl' the ec.ce oi' Ii._.:l. tin.:: flo';! 

d) j~DsU!dn~ the 

on, the: f'r'i c t5, on 

l)ipc to ':n SIt,ooth, c,~-:lcul~,tc, :;::'or the l::!,rll_r::.v.::~ , 
:CGC tor bc\;:;od or~ '~-ho inlet :',c~~j:"lolcis m.l;:J;cI' 0 

n 0:7 con6i toe-I 

c) ::."cr the cOllC~i ti OIl O:L I:1i:ni .. :UI:l x'ccci vcr _Drec~:;urG, c::_Icu1~:tG :L "--In L i. 

v~:luc for eo,ch 

inlet 

pipe. 

n ~ 

tho i'riction fnctor b~',fJe( on t1-.lC 

rn,,'::.lb eI' • 

f'lC\'l,:;lot eistribution ~lonc -tli0 

,the Pl'C8[~UlC rutio bO.cod 02:l tho pipe inlo'c cor~c:i_ 'lion::. 0 

plpC. 

~ 
! 

~ 
~ 

I 
Ii 

~ 

~ 
~ 
~ 

1 
10:7'01' th(~ C':::GC of Llcor:~Drcn.::iblc ::~'lO"'l i"} r n-:~'r. 'l'~r~'~r ,"'h,,--l-- ('c"r~-i-'':C'l<' j 

will t']C D:;:'C "r;c'rc .11 3 t1'i bu tiO:1 bo lineo,:;:, ?~ c P !'" , -,,-c.h. -. c , Lv - '" "" I 
;;. :~:.:pl['in tlle O'o:':;CI've:d cll:..n.:oc in +~'c,-,c"'C"-'F'(' t":is-cribt-;tion ',.lliei'l :-c I 

i GLltsc! :['1'0;:'1 C::':;Cl"cc,cinG the rccc-ivcr -1:~:z;G~~:21::'-':'- . I 
~ '" -.. -," . I ). -,i.."ll(; :l:l'lC'ClOll :,'.\:;ctor c.'.:_1cu1'::ltion i~J b:,:3Gc"1 en UF. j.1']Jet. :::~':-jol(!~: 

I nl.. .. :~:bc~,...,~/ct(:C) is ~:IJCL~n:cc? cor~Gt<:.r:.~,:. rIel'lL; t~,c pirc •. ~[.:; ti1i:J ;::;:n:_,.,;)!':~j,Ol! 

~:' ~-~.c:corl;.~.bJ_c '? 

, 
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.Dale 13aror>1elr/c PreSStLre ---------------------- --
lem /"~ ra lure ___________ .-;F 

Ol>s erveo' j)et. Ia.: 

2B //2. 

.Hbso/u/e HunoP}ell!'r /(€<u//nfs-, I/; . 0/ /12 J?ece/ver 
Rece/ver 

1 .~ .3 ~ ,5" 6 '1 /J1/>7 
R-es5wre 

?reS5l//-e //,.Ij. Vue. 

nOf)- /;q/!i/J I-
?~e //OIV 

t'nJ/'b 'I7f 
j"/~e /ALV 

CO-Ict//a let! ,/Jest/lis: 

Kece,-ver ,#.6.$oler It? 7J. e.s S tN-t-/ //1. 0/ /:1z ?ece/V'er 
.?re$'.5vre 

2 
11-eS.5vre 

Co/ld'/6blJ / .3 + 5 G T /h.~. ~~s. 

-'Pi/I,»)?. . 
'p/'pe/~w 

Mat ----------- 4/;e 1 -------- f ______ _ 

Sial': 0/7 1 2- 3 ~ 5" ~ 7' 

j"LL 
At 

M 

L 
;: 
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l 
I) To :Ci:;.c the 0

_0 

-~ pipe: tl.'l'CC II 
i 1 {3 ii"':Lcr·cr1~t 

v~'.ri()us 

o:r: t~x~ tc::tboc~:. 

11:-tr~o(tLC ti 01?: 

.L-~lO"r n.'-:Ql ""(;'-·c'-'("[ ~-()'".+ o-r _ \;t, <-.J.._ \.,,) v /-- t' .... A.<~ .. V "'4 

-Cion oi.:oth <.:<rc CO-Gic t.o t]l'''; b:cc~:-:ch or c.);,)1i00 flui(J r;cch::nlcc, ::nO\'.1'1 (';::; 

iJ;jT('l.L\J.ulicG. 

~can the upstrecu llou znd tho scctic~ of co~troctc~ il~;o~ c~c ~ctcr8 
h,:;:,vo r.:.o .-.c:vin, __ pc:r-ts, Gl~C cf:C'j.cicnt to OpcI'c.te, o.nc~ ,_,I vc c: , oeel .. C:cu:cc 

o:C <."'V01'L1CO c;,uD_nti ties 0 

:2cctor,i' ,'.:hieh is defined : s the I~tio of' I' c,;"" 1....'''-1 .... 

n Il n 0_2 "D ~ ~. 

- 1 f v2 I 

~---------------------------------------------------------------------

I 
I 
I 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK ,ISTANBUL 
PAGE /66 

Diif!cncicm:l [~nalJttiis ;3[W\,:0 th::".t :f, ::311011Jt1- bc ::. :f:'tmctior: onl;y of.' tlio 

l:oynolds ::'lumbcr~ of' i'lO'~l) if the pipe is s:!~ooth ;',:hClt thi[_~ jJllCt:Lo!1 ic~ 
O·r' cou·r',';{'.,r·;',n 1."'.0'1' 1)('; r.j··C(~.'l-cteG". 1_··'::. ... 0",! (~l·T"-,'·lr'·ion':·l r"-"',l"'"'J-'" "'u+ '~'''~(·l;·J·i··:-,r-

... ~ ~;.. "'_ .. 4 ~" _.. _~ I ~ J..l.. ' •.. 1~'!.';'_ -ht,.. '-.c! .. , .. ..)~) • ..., ". v '~'"'"J.-' --: . "'.~-, 

distinct 

criticDlly dependent on ~oll rOUt)1DCSS inside the pipe • 

bc 
., , 

UDCC.,-CC 

r:lGcwurc, the diBello,I'wO 1""':;,t:.::, ViCtter ·temperature, ;,nd the vc.1"io\..:8 pY'cr:;s"Gl"'G 

di:fEcrenccs nt the different t2pS 2G listed on the data shoot of cxpo-
ri: .. l(;nt ri.:. 03 of P~;rt L. 

.. ' c l8cr'(~-

L-_______________________________________________________________________ ~ 
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I 
i 
! 

I 

I 
lL-.-______ 1'1 
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She..:lnes.:.:ochGnics of l".luids , IO-:;" 

of:: ctuC:e:l.l.t : :':'CLmo: Divido tho' C1[::80 in 

or 

\'lhe1'o: tlp '1 .~" prODGUrC (,:Ll.:C crenco , Ib/i't2 • 

L - lCI1e:;thoi' tube ,i't. 
D ::: internal dic.:meter of tube 

if ::: avel";:;'i.c,evelocit~/ in tube , :C't/occ. 

Q ::: volumo :r-a tD of flo\'! 

".' r. 't7·',1 J.';J or-Iv .1.'01"> 1 ";"';1''''1'' '-:>lo~'r 'rho-.L._ vt.. ... _ U ...... v ,.L _ ...... 1-'_ ........ .,.1. l~, .J.. •• ,p _ ....... 

lished rG~ultD.These ir~cJ.udc : 

hcc.d 

PAGE /68 

oi--

R \,:2ter i'louin£., Juto tllG, OVBl'flo\'! cup :::.5 :.CrOLl the cupillu!~ inlet 28 

pO[;L1iblc. 
t1.11tJtcL~(::Lrlc Sf) 0:: flo',',' be Cue irt 

pnrt to the sUI'fl.~ce tension vi'" vlc.ter in the ovcrf'loYl cup. 

"I T' "1 t ~ 11 d .., .",., I' • ~ • .wcxunc·.I' :.c 0\'1 ,,10' IU "j' CVC10pcu ..... ven Y.ncu.~=n tll C 1:0;','1101(1: 

I 
I 
I 
! 
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:;;. 'lurbulcnt :rIm'! \';iD. obvious1;y 

l~(,;;ynolds EUl1bcy' fJhoulc1 be ec.lclllDtocl ':Ii til 

to D,tloiu. mislcudi~~ conclusions rOL~rdin; 

6. TL.c 

.-, -." 
).)) (r-5 :-'+) I··~·C - T CI'13/,·~,c ~V .1. v / ,)t~ --.J.. , , ... ,:0 ,. 

::: 2.55 
i2tl L 

Dlu . .r; 
~ 

:2(cmJ/sce) :: ).53:: iO-; ~t- sec 

,.. 
.,;t£ = h C.lT! ) 

~~(CIl) /80e) 
.1"C'·-o) 1 /"'.1-X S.US ~~-scc 

or ~::: 

n 
~ C::;u-cj.on: be c~3poci~~1J.;y cc:rcful tlJ~1t tl~c l:u,,;c.~1 ~:,rc pl.:rgcQ 

I :::t c:ll tiw:::s.Thc ]:cc,~1ir12~G to be t.:::J-::cn c;ro qui to SE.[::11 i2:r:d 

I IlC8~ in their ~CCGUrChlont will reGult in Q oizcblc error. 

'11ho 1.':~,tcr usco. must be (iotillca \'J~:,tcr. 

i ouch vicco;wte:;. ... Ct 60 vce of 

I .'Jtopriatch 

L Pr'occ;.:'UI'c:.:. Collect delta to' 1'ill the (~c~tc obcot 
__ ~~~.N.:_~~~"'3ND~--.X:U: co: "'____ .. ~..-~~~ =- 1* 
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The object of this e::pcriI:lont is 

VJater jet cDD-sed tho 
(I) D. thin pl:~tc m~u (2) D. cylinder. 

Hei'ol'cncc: 
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pr;l'")t,if.~l 

~~Jl.UdcntrT'OUpS: . Divide the cl~s i~to ~rouPG 

Jetc1c:Clcction equipment 

~)toprIO. tch 

}lroccdv.rc: 

I I. TIle ohould be flushed to ,renovo : .. iI' bOloro the 
Dent. 

"inter I 
c~ircc- ~, 

tion nor;;·,:.l to tj'lG ori~incll jet c:ds ,f.1f;!:,~;ur~ the :':-'}O','; I'[~tC:J 0'''' t11(; tv:o ~ 

2 ,,',iith 

... :hich is c.lcflcptcc] direct1y 

i rooul-tine Gi:~::.ob,JllS.l:l"10!n "tl18EiC; lile:\8L11'c>:nerl·ts,cc.lcD.lCt-l:c' tt!€: (Je~rlc::c·tioI1 z_·~r!r-·J.c Pt 

g 0:2 the:: pr:i.;.lcipc~l otromll o.1'2d cO.E1p~,re t.ho c~:.lculC'.tcc1 ~r,IEo \';:i. '::11 tl')c Jicc.:u- f: 
~ " ~ red vclue. h ~ ~ 

_ L.)\.","';" ~ ' .. L.t.:" 4) 

\ 

)o.,<:tcr :fey' the J'ct 1[1 te.l:Ci:l from t!.j(; blJj.l(E~1.·~ V:C,tCI' r'n"",,"]-- :~,-, ':}1':~C:-;- ~.: 
~ 

~, :~;~~~ 2:8,,: ~::;!,~:~~, ~:;:~ C~:~G~~'~;';~~ t!:;:~~f b:U~':) :ct~~~ctUf'tio" oee." , I 
fl 4·o1n:J'81~t tIle c~,:-lind.Cl'\ p<~rJcic_l].:1· il1·t:O tI1C: jc·c :::~n(] O!)DCr"VQ -tl:::: 1'1::.tUl~'~; ~ 

I of the jet dcflcctiono I 
',·'-1", 

: ',J _. --I " I 
I 
! 

I eO. too ::Cc'\:;; 0 ' 'I 
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i:n .. co 

:CJ.o\'; 

clbcyj' 0 

, 
be r~~.~::..[:1.I:L·r::;(} 0 
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Wei.!7h t Wei9ht We&l7t R.ale !v'umDer We/jhl uJe/jlht (/b) (16) (16)· ( Ity.sec) 

j/]s/c/e tvie dtCz/i}e.ler = 
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v.3LCCI 1'Y 

........ . . 
1:'1:1) c:r'lD cn-c iTo': FLo GOI 

S".'hc object of thio c:CPCr-iT:18::1t io to 

Governl 

mi::;.c t).l0 'lolocit;y proi'ilo :.~t one 

!"i_t:'". 
· ......... L Dtuc1cnt :.I'OUD8: 

inc.:J.incd tube n:::mor:lcters 

the 6r 

i'r.~n 

I. Cbtr.dn Pi tat tUDe; rCt:c;in.::;o cd.: tho conteI' of the tUfJIiGl :tor- ::::.:.c11 

speed GcttinGo 

2.i.~~~}:0 tl vcrticc.l .Pi tot tube trt;:,vcr::.;c 01' the tunnel ::::t one ~_;pccd 

set tir~£. 

:5 .ObGc2:'vC 

:: 0 'J,'hc 'loloc;ity prm:ilcG OOCGl'vccl ir~ t~~o tunn.cls tohou1 (J 

:L'lD.t. T~l.e Imlc8t v01ocit~/ ohoule not be le8s than D.bCL:.t 90 5:, of 'GLe 

<:rvcrc..Gc VQ1L1.c.='l;c tunnel ccmtcrlinc velociticG rll'lC'uld. be ;:.:~!;pro~:i;·:~:tc:l~~: 
\ 

PO:3iti'O~l :5 5:5 
r03itio~ ~ 6d 

I.Diocu8s the arrQn~omcnt o~ tho ~ind tunnel 

0. f'l~:;t vcloci t;y profile in the teet csction .. 
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to COcncrc the total 

(;3' linder- 2.c~:cL,b13· 

.:'j.tot tube 

Dole.:£.' 

IJj:'C8 ClIrc 0 

to \"':_T'/' 
./ .... , 

c~ lL1(: (:J.-' 
V(Clu""'C·'it~T (vclu-citv .':' ~"', V \I ~'- '- 'J 0 ·;: ,.;.,. ·t:~··,~) 

titlcc. 

n 
r c I") - -

- .. (,. ~ ... -. 
pr8scure c001~icient.Thc i,n:.; ph 

inClicr:ted. 
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vp '-1/2P v~ 
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- I.:. '_. ·'---W ~ <.-,_ .... , ,-- '. ~ '-'- "f". 
~~. (;};ccl: j.ll't(rr)J~CT~CI1CC ~~·~~\:;~'eet ci" pi tot, tt~bc tl:J:.;',t:C(]c:~" 

on villil c: rcc.C:in.;,. pressure,s Dt CJ' b.ncl61'. 

cylil1clcr i::,~~llO[:E:ter dlOUlC 

b) T:n'l("'i 11'''' r"or''';''11X''8 cOn-r'-f'l' ri ('.,,+ ':"(~ CI'l' +l' c··l ",;"'1,',1 C' ..;Jy. - -\.,; !"..L \...; \...> ~)\.... ...... __ .~ __ \,.,I.l_ V 1..~,,:,,~.. v t ...... J..lt...;:_ _.: 

cue, cr.::cn~ 
c:~'r(,:ct, pitot 

j
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t-t',':' 
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I 

--------------~.- - --~-----~------- -- -------------------_._-------._ ..•. _._--.. _-------- ,_ .. , 



I 

g 

___ , __ ~~_~ ___ ,,_. __ ·_"" __ .-.--:w......:...._..-. __ . ___ .. ~ ... __ .--:-_· ___ , _______ . ____ , ___ ~ ____________ .. ___ .~' ... " __ .. 

'-. I"~ 

~;":'~ ... l;.' 

.'-~, ".. "', I"~ 

1.'1 .• 0 i.)Uj 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK • ISTANBUL 

P9. c:.(;'j - 21e. 

;~1[1C l{R~:~110=L(~3 11Ul-.... bc:-c ond coc::':ticicnt :.:1'e c.~ C:C'L1U} 

/' V d 
; 

~ 

\~~Y112:c 0 : 

f =.:: :;lllJicl Ccr:oi t~/ ,Gll"L~~/~"~~~) 

V == ;: .. VCl'G~~:S fJ.1...d.G ~Joiliocity ,~:·t/ S(;(;. 

d 0 . ~hcr~ctcrictic lcn~th ,~t. 

r == 
., 

.' ,:: 
\.~ 

_. 

~J. == 

.: ~lll c:c 

PAGE 181-

tc i(- .... , 

I 
, 

I 

I 
~ __ JIIIIIIQoi~~a:l_ i5JIUIP't'l ............... ~ .... ~J;J..;;. .. ~:-*~.I.r..:.r~ L........".~ .. b~=_""'=" ..... r..n""""'~_"""'a=_'_w_, ___ !I:I..u_~" 

I 



!. 
t r-:-.-----'----------.. -------.-~--

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

SEBEK ,-ISTANBUL 

to -fl'» 1 .... ~ 
... ,l.,.. ........ ...... 

t- ) (";:., J .,... L'l <. -'l' n 
'J v ..... _~ l ... _L.<,. I ...... 

c)i.)lot Cd llC~l-'L·.-'lJ.S 1'-. 0 

'1:.0 

r~) C'-""l'<""'-" '..,;.. V.~ • .:..,J""""_ ....... tile ; .. CL:,DUrCC 

,'3: cc:rcful fCY'C0 

vc.lt'.CG 

to i'ill 

of e­
LL 

PAGE /~5' 



. ····--·-~:··I . . 1 

PAGE ;;6 I THESIS 
ROBERT COLLEGE GRAOUATE SCHOOL 

SEBEK .IS1ANBUL 

~------------,---.---.~--------------~~ 

603 

/)ATA 

J)~/e Qroup A/t/p?6er 

Moo'e/ ___ ~ __ ~---..;~_~. Ill, Te~eralure_· __ --,-____ _ 

Illr 5,Peed Sel///)jS . P/iol Ma/1oPleler_'~ _____ _ 

c loss ReSt/lis 

Group Model Ye/oc/~ .l)rCl,51 
~e c;, ?ex I 

Number (f0ec) (IJ) Gel 

" , 

! ---, \ 

f 
. I 

{ 

I 
I 

II 
I I 
; . f 

.,~ ! 

i' 
1 I 

.' iI ; , 

.. I 



r 

I 

I 
I 

THESIS 

.---... ----~·-l· 
ROBERT COLLEGE GRAOUATE SCHOOL 

BEBEK , ISTANBUL 
PAGE ?'t5'1 I ~ 
~~II 

Gb,jGct: The object of' this experiment is to obDerve 

vcloci ty;ro:2ile in the bOu!'l.dD.r~l Inyer ut severs.l r·osi tiOl'!G dilionc the 

0 ,'" ,­.L <-I. dif:flJ.:"3GI'. The st6.tic prscsure LI'c:dicnt [:lon~; the diffuse:::, '<IL.l1 

':.ill blso be LJ.cr:wurcd nnd the oi'fcct OIl. the bOl.ll1cl[.lry 10.;yo1" LI'mrth noted Q 

Avpnrc.tus: l;;[:;soni todifi'uscr scctions installed in ';!ino il:rnnol 

Bounc1ur;y l<':v'or probeD o.nd tr~vcrscs 

B::;,rometcr 

lnclincc tlc.noc,cter b(~nk 

PJ.;'occc:ure! 
I .. :;~ch .::,roup \'iill trtwcroe 

on. !~cc.(l:ln.jJ Bhould be tcken 

into until the full bDunc3e,ry 

Ik,:.d 0.11 ::rtc:tic 

:nu:' t~::,n::::ollsJ..y C.G pos::d blc 0 

IZ· /,,,l... ,..... c' (:)-·~l·!"~"''';''-'' ,."· .... oed oJ" 
./ () ~l. l.t '-.... .~J.. t,t..~..: .. J..t vI) _ ," ..l. the 

one stotion to :::mothcI'o Tho scgle 1:;2:y have to be C',djuc.;-i:cd 80 

tll[;;t it rcc:Qs zero in. with the pX'obo hole bii:1cc-Gec b~~ tlv:; 
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b) Thcct::.:tic pro::mure cOl!.HoctiOllD tl1rm::.ch the brc58 '(,88 

must be corrcctly chnTlLOd when the: ~itot tube is r:~0vcd 

c) :£1hc c2l:ometcr :[01"' str.ltic prC8Su.r·CG ccntc.ine. oil, bu t i;; 

inclined to rend in in. of TIQter. 

4 o~~o.ch Lroup vdlll"cco:i:'d the dync;Jt1ic p:re3GUrC 

and post the volues oh the board. 
proi':Llc fOl-- J' ,I •• ~ 

,.1.. / 10...1 

50EDCh Dtudcnt nil1 1:.10.1:0 D. copy of the reGul ts :eOl'\ 

usod 11i s iYOUP 0 

0:(' ,l',cmor"t: 

10 The co:nplote report i'orm, ::::8 indic[:teG in Goncl"'o.l notec: cIlOUld be: 
f'ollm·lcd. 

2 .. E:{plcir;, the relationship oot\'lCCn dym~Dic pres:..m.rc c,nCi vclo-ci tv 
u 

:5 oPlot the c'Jym::crnic Pl'>6DfJtJ.r8 profiles for the tunnel 0 

c;·t,"._,·tic p. I",?!'lr;ure J.'~": .;~~_. 0"'" "T,,·t-r '" ('c ~T" Q'1' ·".I··- ncc <:lo~" · .. ·(·0 ~ ., - • '';;;~- .:! ",-.:-' J. .. ..,; l;; "jc.~G" v • .;,,, '_i.:> v,.:.l ~,' .ILL, 1,.J" 

te~t section ~all. 

5oCc..lculc:CG l?cdul pressur~ crcdisnt. ( A scetch or test section will 

b f' I'''''(.:!U.l··_'~e(-.1 ,'L·nQ~';c;>".t-l'l'),:,"> of-he "'l'r'''e 0'<> .1..'''8 C'l"'~Y'''''l) .L·'"o c'n" ' r ' '1' ~ "'._" ~.4.'" __ v., ~ !"':'l~ J.. v~.' ,! <..J..lIJ,\:; 0,':'>'. '" p, assure ~r[:.c.l;'· 

ent positive 'or nog:,ltivG ? 

6 .. C,:;lcuIGte the free strCH:::rJ1 vcloci iy :i.n the' tm:u1el. 

7 .. ' ~ l' iJl"'CU""" r-'ll,fl "':-D .. ·"11, ,,_ ~ .... ..)v ........ \.A.- ..... ..c-... _ _ 1,.........L. __ _ Vihcthcr 

c}oc'["'" r, ~ r'> ". ~ ] 01} c' t 1'lO' -ruT'''' ",1 ",.> 11 '"" _ ",,(j,U\";u ......... ~ ,J, ~ j, V ... u!.\.. .. _ ~ .. u-_(l 
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It. io m.l.LGestc~d tho.t n 'dt1ter table 6e':lOn:Jtrf~tionof dif':fLt8r S8pOl'a-

I 

! 
·f 

I 
I 

't':l 01'''' ~ t' .,' bI ' ~'" t'· c.... . 'OY)O"ln c' ""~""'1'" O'~ +1-->0' ! _ ,~c,ne 112 V~GClOUS 3U , r:yer De r;:2.08 wnl_(~ 0 '11 '.1. G.l. L l-'''-' \lV.l.__ .~ .... ~~ 

.... 1.,-': Cll c"n ')"'" ('1 n -·, c'·' .... ""~·-I ' I," Yiir.:.c'i tUl1nclo The ::f'olloI'Jillg o.re Dome of thO!.iconcopts ',u..!. v ~ ,,'-' ."J.. J ....... " 

I 
, ~ I 

rDtcc1 c:l:d di OCUGGCcl. 

u) J)~j ·r·~f'1~r;.r;j: fJC!;CI~£:tio·!1: l 
2) ',Iidem i'irct one side of the dif:fuscr ,:.nc1 then the other to o.O::10;lS':':; I 

rnte ilo':! [\ r8.{),021 of fi::8d stc:ll 2.ttc:ches :itsel:f to the VIc-II vii th the t 
lCT'i'cst c:if:Cu.cion 'W' ,.1 ,.., ~ 

-- """,~J.~~).J...,",,,. i I, 
2) ~>i +11' :" r.-'~r';""I~'tI·i c.-,1 but IDr'::0 cUffllSion 2n~:lc it is dif'ficuJ.t to i I 

"-"'. ~ '"'.,; ',:.1 .. (.; _ '-. -. '-- I" ',,' ii, ' • 

. predict 'lihich side '.'/ill, st(;':11.? the ste,ll Po.ttol"n ct\n .oscilntc ~Z'rom side 

to side. ~I 

b)'J.lhe l~'mim;:r Dublnyor;th8 viscicus Dub18~(er,Qnd the tl ... CG1Si tion phC! 

nomenon L:OY be illustro.ted 118i11:;.: ,ont1rrm'l diffusion Ztl1g::b • 

~).L.j;~i~n:JT subl'::,yer - L.:~:kc ,,1 d;ye'trnce ccross the bottom of the (;11.-:m­

nel· .:,hco.c of the contrcction.i'Jotiecho\'! the dyo spreads out G.lloothl:y­

oeross the 01.1.1'focc of' tho ;l.:;.t;G ehcnncl botton. ",-
c1;yc tr:.::.cc ncroGO the bOttOD 0::[' th<.~ 

ch.:.n.":ol \,;011 aOV.'llGtrG2111 of the con'~rc:.ction .. I;oticc how tho D;yci""orlr,D 

GI1!cll vortices ~::ho~;c £lxin line up in the strett!rrwisc direction .. 

tr:':~CC3 just dOi:mGtre~'ji1 or thecontruction on ths botto:n OJ~ 

i' 
i . 

the ch:;.!:.ncl~ Iou should be o.blc to ,inject dye into rOGions vi: lom:l1 0-1:,(;',].1 I 
[mcb. th~lt the (~le r;i11 ~,'low uDctreolIl nr:t::dnDt tIle l:1<:nn currci1t .. 'rl'his tl·- ~ . \_, 5 
lu!Jtr.::tes the £;ction of the c.dvcrse PI"CSSUre ;;ro.dicmt 011 the Im:linr,r S 

sublo.yer,i.c the i'luic1 next to the ~'';Gl1 is brought to n h:)lt [:.no tbcn ic I 
reversed il1dj.:i. ... cction cC.1.lGin[; ::-: c:r,~ll s-co.ll reGion .r.J.'bo boundary lc"·Y8T' I 
then o.ttaches n short dist~:mco clm'.'nstrcgm. • 

A i'urtlwr discussion 0-1' t1y' i"'8" ons o-p -;-10\" J i8+0·6 ""-ly-,,;,' r"'·,.,,. ~ i-Jote: - - v - 0_ . - - f.. .. . """ t..-" v .. ...., .. _ ...... \/ : 

be fOt.,r~d in the p.:.per by S.J .Kline nnd Po Vi :Hunstudler 1 "SortlC fi!'climiri.£u'y ! 
results .of: the visunl studies on the flo,,-; model of the vrr.:;ll lo.~lCr[; of: t 1181 
Turbulent Dom:dnl'y Lnyer"il: ;J:rc.ns.ASl;I:, ~1eries .8,Jour:::"!.Gl of' .!~pplicd Q 

LcclJe.nicD, vo1.26 ,no. 2 ,June, I959, pp. I66 -1'/0. I, 

L~,""~==-=--",,,, _________ :...-____________ ·_· ___ ~_J 
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1)ak ______________ ~Speed5elh~ __________________ __ 

i)/stance froff) 

wa.ll~ lil. 

0.05 

0.10 

O. /.5" 

(), :l f) 

/J.2.:r 

O.3(} 

~,3S 

(}.4tJ 

t', ~5". 

1).5ll 

IJ • .5'S' 

1).60 

/J.6.5' 

tl. '70 

&·7.5 

IJ.$O 

.~. 35. 
(). gl) . 

(J. 9.:r 

t. PI? 

st~/'f:?/l 

... 

Rea~/')cf' . 
//). 0/ waler 

Ga., R-e5S. 
//j. 0/ wcz ler 

sta ''-ot'!..-­
(Pr -Pc,) 
/nc/ tucz-Ier 

-. 

5 la /, e. Pre:;svr e 

/7tM. 1 2 .3 1-' 

-~-------.. - ... 

PAGE If/) 

\ 
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COLJ?IBSSIBLE 1!'Lm; "Ill A COI~\TEHGnrG 

.. , . t '.- "n"' rO~ l.;,XD crJ..n1Ol1 fJO: .J.! •• ,,, 0 ? 

Ob.joct: 'l'hc ob,jcct oi' thin experiment io to obncrvc the 
u convercin.:::; nozzle '.'/i th fixed inlet receiver 

ccmpcrc the criticnl pressure ratio, ':Ii th tIl c 
:r'c.tio .. 

Fluids,Art.:L3-2,I3-5,I3-1t:. .. 

Orccniz2tion: of studcnt:roUPfJ: c::pcru::.::m-c i3 CCfn(]tlc~tc6. rli tll 
thecntirc [;roup .. 'Iho instructor . 81:mipulntes all of the vo.lves .nna. c, 

£rrioUwr student I'ccor-ds 
them on t!ie bluc}:borrrc1 0 

Co~ivcrginG nozzle Dounted to the V.'ind t0ru:cl 
Lanometers 

Procedure: 

'l'hcri::o!J.ctcr 
P<"r"'o~l";;+e"· -r •••• 11 • .-. .-l \..:I. v _ 

T ':'''"''Dl c tl' '1]"1.0 oj ~ ....... • .r..,1H!_ __ __ ..... t: \rc~il.c blc 
t.imcs for 

2 .. Control 
3.0perntc tile equipmc:;:;:t ';]h:).10 

onthodntn and rCGults shcet. 

4.000 set of readinGs will bo tn1c:cn" with the 
abovo tbe·criticnl pressure. 

5.Note c:::1I'e:fully the: bcht.:.viour of' triC tb.r'CJ2t 
receiver p:;'--'CG~3UrG. 

rccei7C:;. ... 

6 .. A f'in:~.1 Gct of rc:,::cl.in~:s Tdl1 be to-1mn ·1'.'5. th the Im'!c;::t 
prescurc ntt2inElblco 

powcs 

correction need be q;pJied to tl~c 1x:::'o;,(:-

! I 

I : 
I· I ij! 

1 
i 
1 

i 
I" 

I 
! " 
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j
, 

;a;~liilS!i'~~CJII::!i_"" __ """""""="'=="-________ """"'_"'~""~ I 

I \ 

CQlc~l~tiono to fill the - . 
=C~Q8U.-L ·~.i"~ 

! : ~ I . 

I I 
9 I . I .... 
I, 

! I 
I I 
ij I 
; 

! , I 
. ·1 

~ I 

I I 
· I 

I 
! 

i I 
II· 
" ' ~ I I \ 
~ 1 
§ . i 
~ I . 
R I . 
'J I" 
~ !. 
~ . i 
r. I 

i i 
I I 

I 
! 
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SH££ T 

tlrovp ----------------------------

Roc/?? Ten,Percr/vre -------------------------
BaroP1elr/c.. ,PreSSure 

Gof! jJeotV/J.!.s ______________ _ ( Un,ls) 

Receiver 
Mo,]ome/er Read/d§S pressure 

CoiJd'-//OI7 Inlet T/;r.oat Rec,e/ver /It/J'fOJp/; er.e 

/J!>ove 
Crd/ca/ 

Be/o~ 
Cr//;ca/ 

/l~solule /fesstlres (Uo/h) ------------------------------
, .,; 

-

Rece/ve;" 
/lIm 0.5, //}Ie t 11Irocct· Receiver 12a It os 

!fe.s-Jvre 
Cona'//-t'O/l Pa il .7t 4. 4/~ f.ik I 

, 
\ 

/l/;ove 
c;/I/co/ 

81?/Ow. 
Cniica/ 

Co/Ct~/aled Crl6cal lfe5Sf/re Rallo for A:'= y,f 
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Appendix 11-7,pp.528 - 535 • 

/,I'OUDO: Divide 

Vacuum \':ind t\.1_rm0J. D;'/OteI;1" 

Lcdcls 

Other f.::chli oren 

I.The incd~:r-uctor 'dIill operate the cquipEent. 

PAGE /9~ 

13-1,2 to 13-13 

2oI'lov;< :u"ound one or r:!oromoc1els in thG tno-oimensionDl supcrf;.;onic 
nozzle \,Iil1 be dcmo11t}trc.tod. 

3.I'r'cc jet:.tlov/ f'rO::1 c, convcrCil1G nozzle v:ill be dCLOl1str.::tco. 

0ur;riestions: i'he ntudcnts c,houlc1 look 1'01' the £'0110v;in6 points In 

tlle schlieren im:iGcs: 

I. T-...;o-{)mmensiol1cl nozzle 

u)Attochcd :3hocl~ 

b) 1eto,choc1 Dhock 

c)DiGturb[mccG in-,::::1':G 

d)Sepcr~tion in nozzle 

I 
1 
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loDrmv 2. sir:,plc scctch of the tv,'o opticDl ~:.~/etenG used. 

PAGE /93 

201;-;0.1:8 D. rou~:,h GstiL~;:tc of the ;.,.::\c11 mm:ber nt the let~di:n~ edce 0:;:"' the-

io 15 decreeo" 

It io ~;;dviGQble to cxpe: .... iment \'.'i th the equipIJCnt bei'ore J.'"'UT..l1J.J(:; the 

exper-iment to secure well defined flo','l petterno. 

~------~--~--- ~-~ 
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I'LO\V III OPEIT Cl-IltITI,JElS 

"10· ii': ~ 70T .. • ............ 0 _ 

The object of this 0::::9 ':riinen t is rizc 

opcn chcrmcl :i:lO'i'js c-nd hyClro.ulic 

the 
jum.pso 

I 

I 

I 
I 

I 

! 
i 
i , 
i 

'I'!ii jUQpS. i 
pp. 220 1 '325,524, on 'V-notch ';'c;irs • I 

neasurcmGn t of flo\'! dischcr[,:cD in 1'1 vcr 8,11'1'1£;0. ti _II' 
spillv,'[,;ys involves the UGC of such c8vicCG U3 .'. 

tot<:'ll heed tubeD. Sluice LD-tc:-:; Circ: used to cont:col 

Introduction: Tho 

• '"'!..!., \'181rS, c ep en 

the i'1m: in cp::;n. chc.nncls brenching off L't m~in f10\'.' ::;r c: rc~e: rvoir. 

Appro::ir:lnte the:o::cies of the opeI'o.tion oi' these r;l0n:.:,urc;::~c:nt D.ne1 control 

dovicCD nrc (""i rl"\; "'1' "·Dlr~. t1"tl+ r,Yll v 
-- 1.,.. ... - __ .:I u ......... - ,....... v '~~ __ v 

usee: ','Ii tIl c:,~piric~~l co:erections in CYli),neer'in£;: c<:::lculo.tions • .?rccio8 ~::(j. 

dc't::;,ilcd thcorico , " .L - ( , '1 '1 ) -. ~, " ·,,..,0 vn.ry C1-j~'n·'cn,p.c. ~'"'lG''''' '-nr"1 '-'0 (, ,"';.1' '1'''-' 0" -,('\.. .. , CJ\_\,;.. v ~!1'--- ................. \t .. .1 .... \".;,y'-"--\.... ~ ... • _tJ \,.. ... u~ ...l. v .. i., " 

t ' . '1 t' . , ~, .. . '1 ' - :)0 Cl;.plrl.CD. C01'1"'CC 'lOr:~, ;.,enT.lCncc: 200VC.o~.Ilo"'Gllcr' cnecJ:.,.C("J"l DC 

01"' {m:rns trem;.16 ! 
c.se in d8pth 

jurmo <:~Y'G vJt.:.VCO il'l c:,1:....,'1nel flo':! ocrOD:] Yll:.ich \.. :::)~/.';:iO·'1(,1"'r·.- I 
cccuru.'rhc :flO'.'l velocity shee'.c1 of the "jm:p" ie: ;.I'CC:t(2:'" 'j 
speed of Dm~;.ll sur>:Cccc ,:orc:vity 'i;DileD (0= :=h,\'!hcrc~h=dcpth): ~ thGll (c), tllo 

sonic 1 ., ., .,.,.....J.... 1 1 c:. 100.([, SUOfJOl1lC oen:~nc t.D.C S lOC;C 

Anp::\rD:tUG: tcmk 

90 Cler.' t"1.' "',)··ul"'.,.... \'/p1.'r . 0. - LU.~, \.w.. _ 

~rotal hc:;.:{J tt.ibe 

?rOfJOurc tJ.ps in floor of' fJ.ur::c 

l • ..anometerD, atopvll:~tch 
. I 

l '"'1 ' 0.::tUCO 
5 

--~~--~------.----------------~~------------~------------=-----~~~ I 
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2 o .cf.:;surc the hci~ht of t:'w YJDtC:L' oboiJC the cpe:;c o:C the Y,·cir o 

PAGE, f7!? 

:=;. : .. CD.surc tho :::'1::"1,'; r[,"~o b~~ c1ctCl':.inin:..:; the title to :.i..'ill ",;c:i~.hir'L: 

to.nl: 0~.' C cCJ:"·t.::in c;;:ount .. 

,~. VD..r:1 thS" :flO\'I r~tc ::ncl, t[~1;:c suf'ficici"lt C.L':tc, to plot c, cur'/o 0:;' 

mBGS J:'10Vl vs. hec~("} on the, ':lcir .. 

'2 •. C::'::;Gure the :Clo\,! rate Dl:'O the c1epth o.ne: totel lic:c;c. ;:~hcnc"l eno 'be:btnd 

:f10VI r::o.y be ce:lculL:tcc1° ' 

Li.ncpc0.t (2) for 2,[";'othcr :f1c-v.! rc:te. 

L~~:.;S :[,10\,; vs .. 011 the v.'eir 

~ro~ referenoes. 

'JU.l!2P y:,i tI-l -tIle irrviacio. ·t11co:C·~;t o~L'" ~t:-}C jl.l~~;:l) 0 ~:,r-j:tc:fl:i d:L;:~Cl)_:3:-~ :j'"C;l.Ir' ()o·;j2r\\_!I:~ tj.::­

ons of (b5). 

jl 

t 1 

11 
ij 
I 

" I" 
I 

I 
I , 
I 

'I 

1 
,l 
'\ 
I 
I 

" j 

l 
:1 

I 
J 
'I 

I 
.I 
I 

, I 
, \ 

j 1 
, "j i ' ____________________________________ 4 __ ~~ 
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'J:~c;st of ~,r. nil" coq:Jl'cssor 

O'~ " .l. <.... 

PAGE Ir1 

, 
" 
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I ) 

I 

! 
t 
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'J.':;::ST OF A P.8LTCl~ ·,:.:rGEL L:O:JEL HLJlrrmn 

PAGE 200 

Gb ~ "c·I .• '0'0 obhdnchc\TClctcristic 
of' t.he m.oQcl r-um-:cr ,under 

Ll.... 1.... .l- nnCi to dotcI';:inc U:c 
"T7~'''~'VJ.'I}' cono"J.· +-i en"'; o·r 11""~'C' elJ.· "!ch"' ... ·rt"' ~ • .,c1 1 0~C::t v'-'-'-.y _, •• ,. u_ ._'-' _ "',., -, _.... '---c.:,''' 10'.1. ~ .. ,,(.,.! 

c:Li'icicncv Ol the run:n.cr .. 
. v 

Fl? 341 - 345 

Tbe effcct·ive her:..d :['or 

i. c .. r;\pprocch velocity he2.cl Dlus pr8851.."re heclcl. LookiEG upon the turbine: 

\':11C81 8.8 L'. l:ir:C of orii'ice, the clisci;n.rL,;c \'Jould £'0110':! the 18.\"18 oi:' 

disch.:::..r.,.;cs throuL,h orii'ices uD.C~cr v2riclblc hcr:d .Con",cquently, 

1::1:1.8r8,C varies \'6 th the vt:1u(" of $I? ,the speed rL~tio. ether ;,lcnnG of 

rnc::,\sUJ:--inc di sclu";rce thun this formula ::\1'8 US1.w.lly usee} in tectS. 

The po\,;CT' 
ir:pu t to th e ';;h0~;1 \,iill 

1'110 1inc::<I' veloc:i ty ,u of the ;C'urli1Cl" corI'e:,~)on(J:in:; to its DO: in::.1 (1 i-

in tcn:lC of' 

.' "': ' "",; .. 'II ... -..... ,,, .. 

Cives 
, . 

the v::;locity co:c::·ccpondinc to the 

l.,·:f)lllse 
.J)N.:s 

IT 

110 r;CI 1-' " ,~<.., .. ,. > , 
\ 

, . , 
'::nlC{] 

,- " ; .... \ \ 
c; d._. \,). 

'~'"1-"'1"" , 
.,..) . ,,-,',, 

1 

1 
j 

I 

l 

1 
I 

I' 

I 

J 
I 
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(paver cocfficisnt) 

-?;'-'-ltc nurf1'·'~~V'> o:f V""lC'" ,",-:' j-.' '!' '~T'e p -"'or ~ . i··"-Ql "'h,",,,,l (:'-DG"i(1in" o I': 
_...L ... ~oh ...... .: .. U_.J~ __ 1:,~~-t...L """''''-'-~.;1.1.'''1.);..'(..'''J.l u,..l· t....:..L, v ........ II \.--. ...... _,"-"--..:,. .1 ..... (,..:. "" 

~~G tc C1l1r; :J;' C cc], 0 ~;~I:.) (:' iIt r·~~,rl .. "., C ~ L:8 ti8t.1~111~{ ,,;i 'lenJ :C01' {?. -c~y pc OJ: \-~"1~! eel 0 :\S:f'Cl"' 

to the fuI1 ,_ate (L<L'.:dlii.um po-:.-.'cr) X'c}thcI' tilQn the :cull Toad pd_n~(. .. ({ntc 

set tiEL :Cor bect 8i':[ioiono;;·). 
'T';-'."c.,O co.:-,·p-r'i C1' r>nJ·s rl'r, Ol'" '·;·_'c;;.t .L...r..1\:..:.:\.....\,J ~.l. .... _ \,.; __ 1I , ... 1_ t.; ... . oJ.. 1...:\ 

tests for e~;,cih type or"seroics fl of \,lhcclsoSqu:.tion (1) ic U~:Ccl to select 

tho .size of y/1:loeJ. ~to ~Ii 1lC <.: c.G:ctc .. in l-D? o;~ cos:,.birlirl~ "tl-1C80 cqu~·ti 01~!O, :~\ 

t:;;i12Glc rc1;.::tion 8Gy be obt;:dl1Cd tC'.::i112-':; or:to Lcccunt both :=:I;CCC; LIl<1 po-· 

VlCr u;::~ i'ollomJ: 

(spocific spceC). 

jL:::;c.;i:';l1iD~ unit vDluos to HP tmel h ,J.'·s 

I ft. hc~xL.lt is c\ COl1ot::'nt turbine 

vlh::.:.c1. 

For~ 

h ·v'·' \1'-' 1 u~' c· (,-,t _......... '.' L,,__ v.....; (... ... i'u11 ,:,D.te .,;.:: 0' l' n i-.) l' ,-. .1- >,. ''''c 11 O\,,'j r, ~,. . .... - ... - 1., \.;j .• ~j ..1.. _ J--"~J..j 

} i = 800 - lOCO 
'U . 

I 
1 
L 

I 
i· 
I 
i , 
! 
I 
I 
1 
\ 

I 
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~ ::: 0 .. 0002 - C.CC05 
P ::: 0.00002 - O.OC005 

1.1 
H ::: :5 - 6 s 

In tcstin-.., [l J~loc1cl runner under cOl1cJi tioES not cor:C'8opom1iI~-::; to ~mch 

G-S \';o1..1.J.d· bo held in prnc"Gicc to iEt~icG.tc the choice of' tl1c.t t;ypc 0:[ 

turbina,tto valueo found in teoto j~~y well ~811 outside thece r~n~es, 

shO\'JiYl0 thL'.t for tl'liotcst concJi tiCr3.D ::.:nothcr ':Iheel t;ypc r:ou.1d h:.::..vc 

boen celcctcdto bo corrcspom'lirl;:...,ly 10\,;c1" th::.n nor1':21. 

1 
• .., .. " , J'" ~ 1 ~ ..... n , d' \ ) 1" Vt:.U'l8G. J:or. cr.:cn consco.I1-C nODe, 0&0 V[!,rlCQ :Lor 8Dcn ,lC;C;;O,rCc ,I) ~c; 

~1,7 "-1 f-t·~ l- _0. 0 t' n \.1 '-'0"- "1.., "'\1. 
3)~lt o2ch ~iven ho~d,and for etch disch~r~o used under this heed, , 

P.".·.cl~. ~Doi~' Ob+'~l' '''eQ~ ;n"''Y'1~ t"·jr;. r;.·P·?l· Cl' cnc" c' lc"l···-t"o~ -rOI" tl\'i,"" nOl' ····1- ( --... ___ .l, \J(.... • .1..4. J_ ...... t ..... __ .. 1 v _.J...__ tf L( Lt~· .... ~, .... '-.,J ... ~ ... ~v 1 ...... 0 \ 

e:Cficicnc;,' = BEP 

Plot linGs ai' equ.::l G:ff'icien9J,' b;y intcrpolution. J.:C poc~;i bl(~ L.ne. 

the rc:~~iol1 01' point O:L bc.·Gt ei':ficicncy :from tbG ~roph, t;l:C: () ;:;tor .. inc; 

I~u 1 c:,u ' ;.:ll[i? ,cfficioIlCY, specc] r:~tic, N.... P ~ .. t thiD poir;t • . ;) , u 
4) .(C;iC::,.t the nbove procc<lul"C for (;c.lcb neVi heed ,<,.,no sec y.'hctber tl;C 

,~"I :"~I)11s c~~r.!. l)c co~;J)inec: l~nT.O 011C o 
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