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tf10 rre· G1Jl ~I\1o 

I) c:~ :rY~l :t t; 
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se t:·t;:!.l-:-.g ltp ~~.. t:J:~~E~\'.."'· 1:: ~- ·t- ... _(';.8.,1 
D.~-::.t1 ~~.:l_L!lC;J').H )~o ·{:~i:;_;:: SG ~~.~::_·.-~no 

v.xid R ai'O chos e n a s r ep eating varl2.bl Bs for 
e.naly::.d .. s ~ Eq ., l becomr3s 

>zl (fl- hd l) x· l?e ) 2 7=7- -' ;:;r ; ;-:/ n J ' ., ( 2 } 

I I, :1 1 n v-!ll .c.-:1 Re -· ($~ 

~ 
is the ReynoJ..cb JT)._'r:l1)0 !"" 
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'fhi s step 111-...s t ra t Gs the f:irs-t advD2J.',l:.e.c;r:: of dimensional 
analys:i.s since -tho r!rcrnbor of p a J:sme-Gers t o be cons :!.O.ar ed has 
beo~J. r.sd.uced fr t'im 8 ·be:) 5" L:1.k evdso .~- it . lFY be see n t.ha t the 
p arame tors a r-e sl1 d :Dne ns ion.loss so tha t tu::q system of uni-ts 
may b 0 tw ed p r ovide d t }:lG ::wme BystE:-'!11 i~:: US l:·,a. thr oughou to 

CJ:o il1:tJ.s t r·:?.t e t.b .. <:-:. t h:1.:;:•d fJ.dvan tsgi:J o.f d i mons· onrt1 analysist 
each p t .. :{•G.m .::. t cr m:un t:. b e. consld··:n.,ed in (i. :'L v:l.dna1.1y~ 
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'I'ho re la t :i. 1:c 

rt~:nst ppl"Oc.eh Z81"0 0 

ch.~~i~E':JJ'..:; e~-1 ~~~~:te e. o.f tl!.e o .... · ost·~(l 
t hen the gcY~:~r&.l ~:;.1apo o:i' the 

t b:a df'.n.. A r::.ol'O 
th.en e~I!)1r.JGSS6S 

of tb.e head on thG 
1 <> 0 t h (.. disdu:.:;. ... gc: 

the geornet.r:..c 

J·~ t l1is rt3.:i.o; : 0 i S lt:TJ.OYr.n. 
C17 o s t :l s ln1.m-m :;> 

'I'h.e h ead. :~-- ;..!. i ;5 .. o -!j- :.n:7.gh t; bs :~.:::. · .. ~o::> e sign.if'i c ar:rG f" or;.n 

I; h r-·.'1·1-i c'.· ~- · · ·:·,~ .. -:~~ '". lf e:><~ :r·essc d 8.3 ~~- .n _ _ ,_, -~ _ ,_.. ~~ "' t ho r.elationshJ.p bstue .n 
hd 

tt.~.r-, des:l sn h2c-!d. an d the act1}.P..1. hea\.1 on tb.r.. c:t•a s t " As t hi s 
ra ~5.o app;:·...-.n:.c:1es 1 o 0 z. the di sche.::-.""'ge coe f .f:tc :i. ent. a..""ld 
p:·os.snr*} dis ·~, -'- · -·.buti or-1 .8h0l1 c. a~) ):.u r-. r_,h l:;hcse va.luu.: ·"'ou: .. c 
f:-.:~r· tll .., V:B~ll:""~ ·__»:, __ 
f" . The clischargG p D.i"'t-ilno ·t.. e Y:· ·ua ri3 is more:-: signlfic· lTi; 

~ YO" ... , 
if reo.r>'<mgecl o.s f}j"1j or . f/*i because it l;hon 

becor.1e s a di s charge coeffic ient l'l'lOl"e nenriy J.iko thos e 
u ..... ed fo 'l." f 'lm-r over H(;irs .. 

'Ihe fou:d~h nJ.va.ntP-e;e to dir.1ensional ana..1ysis is t l1at it sets 
up the p r-oblem so that; tho re1;~:m."'C:h progr•a.n:t raay b~ c aPrisd out 
i n a mr:::.t ol;'l_o.tic an::!. simvl i.fied :.an:ner.. Tf the problom :l.s con .... 
sidc:;ro(~. i.n t0r ·::ns oi' the~ d imens:Lor:de ss p armo.l'.d:;ez-a t hen it is 
necessary only to vary t hese p arrune ters regardless or the 
a.bsolut0 value of t he i ndl vidual var-iables 1--Ti thin the par·ameters ., 
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5 .. rl ~~- s:::,:t· .. ~. c.:l;l·'"; :· .. ~ rt.:2"~11'3.~}~~ :~ .. --~ 3 . .:-:·:t:l.r~~ t:l"'i .. c~-,_ :_ ::-.; ~ i't~ ~ "1 c·}, ~': ~1 ri ~t r· ..... ..., ..:.--e .. ·- ...... ~ ....... ~ - 1/o,J 
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'- ·· " J. 4/ .,. 

a s G'i l2.t"'. ; "' l~.0~1U :., ·t..IJ. G::.1 t~h::: r·::.':2~ .G.rc~_1. ;:-: .:~Gr~ !J_:·"l r_!0"1 'l .• 0. bE.. OL"":.t].:"_21GC._ ::lS 
· :r oJ~lo~4r[;~ ~ 

!~ - ~ f. h~ h;; .D ,) .. --~ fjh;?J - ( I --- _ ... _ ... 
" nd ) ;.; ) fJd ) 

bo VG.j'!:J _b_ :frcn Oo •. t\) 2c0 
f.~/ 
/1j from 0 , 1 t;o 2 ., 0 ·ir 

(3) 

D f:L">Q;_"fl 0 to 2 ., 0 h;i. 
c" B·3CE•u.se of the poos:tble 1!1.f"lnonce of sU:.-.race t en '·" 
s:lon ~ it is dosira le t o hav;~ the hc~,d over t h e cr es ·;; 
bo ned; l es s ·.han 0 ., 2 ft and tho hei ght of t he cresti 
not; 10 BS t!H:"tn 0., 5 fto (The ini'J.u.ence of su~('tace ten.., 
sion could .L8.VO b 0en con3:td0rcd in t h a o::."igJ.nul fD.I!ction 
rih~. ch ·!;hen "t-JouJ.d h o.ve i nc ud3d a 1ricbcp nu:"nbBJ."' .,) 

, ":'! 
V.o F'T"OT.n. the 
Eq,., 3 "f(J.ay b~ 

thre.e '·o si;{ 

E hcl 

2 e0 Oo2 
2c0 l ~, o 

,l oO 0 r" 
0~ 

.lt> O loO 
0, 5 0.,5 
0., 5 .L, O 

rre..ving 

fo:j'?ego:tng 
e- a luated. 
c:"'es-ts a s 

hct; 
H 

0 ., 1 
0 ., 5 
0 , 5 
loO 
l oO 
.2o 0 

J.·i··n5.ts 1:!h:i. ch h avo been 0sta-linhecls 
e ::;r.pe}:>lmcntally by twe of f :r•om 
sho·\'!.".t i 1:1 tho fo::t1ci· :\.nr:· ta le ; · 

h i D· 
/h / hd .. 

d 
.. .... o 7 (.' 0 5 oO "-' 
0 " 2 1 r' o.:.::> 0 .,. l oO 
O a L~ 3" 0 0 l!.o 0 
0 ., 2 1, .5 0 2o0 
0 ~4 3., 0 0 5oO 
0 .,2 1 (, 5 0 2a5 

equal o ~ 5 for of t'~iiO d:i.fferent helgb.ts 

e.nd ~ 0 fo J:• cres·;;:;. of t~:;o dlffel."'0nt heights ~ s "rves t o ohe c'k 
th0 p l"i:n.c5.p le of o j.w.i1i tu.clo an . .: theJ. sby va:r•i:f.'y t ha value$ of 

hd •wH- By ms.k:i..ng an average 

selected t ests on each cre st~ 

of: 

:'Ln vJhich 

~-- is c on·J:r.o llG d. for V8.l."ious appr .Y..imato discha:r>ges, 1 t is 
po:s:lbJ.e 'to eval.;.a. te Eq. 3 ov el"' it::! entlre us::tble rane;s 1-ri 'ijh n 
tota . of not nor-'> tha:n J.OO e :.-..·pe;:-i racnt; s<> 

O:ne; <C.: the e:x:p <..n"i!nent.al c a t;n 1:W .. V€'i h ecn o . t a ined,r. the function 
. may be p}.otte "'" H:!.t;h A.((;..~- _ as the m:•d:Lnate ., -/'- as the 

D t-~ hJ 1:1 
abt~0:7.s sa !J h; a s t he t hird variable, and ;1~ as t he fourth 

- 4 ·~ 
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Tl1a fo~:~:zoj_nc ~~)<.:rD. c·)al)l .. s :L j~ll1 .r:;1; l--:nto t;:J.o ri1et 1.o<l of de .. ~ci~·~ 
m~.di.ng tho :::>e J. o. ticmsl~ip b (~ ·;:.~· i -36!.1 :ch 6:l s cho.rgG 2.1.1c.. t_J.e val"' j_ou s 
o thsr- VE'.~~,j.2.bJ e so A s :t.r.-dla1.., pr·oe:.dure mc_;r b0 1.::.s£-d. ·i.;o de"CGI'lr1Ll8 
the l)}?fHl8U.t'0 dJst·C':r.ou·;;i ol~ ovcx• c r;. (~:1. C l"'38t by suos t5.tutii!.S 6 D 
..,or D- l"V o·.-, .,. o··"' t~., '· v '"'r··i n h "1 '" c.• -~ -l E·,... 3 ( ( ! 'X\T ll' Q i":1'"~ <"I dc~J· ,., ' J' -:~y, e-J. (.. . .,. J. " ... _tJ ~ .t .. v llc;..;. ... .. ... c.;..u_. .....,t...J ..J.L '~o \t.} \ ... f.. . J c. u.. ._ ... J . • .I. .• Q v--

COO:;."d:i.n:;,t;OS X ancl. y o . 

/-/ 
Eq~ 4 perfa .... ts solv ing directly for b.. p e.t ae:y- p oint { Xt y ) 
or fm." b.d . Hhich may be ne cc:; s:Jal...,:J i:n ordeP no'c to exc3ed 
t ... e allm-w. 1e ~~ p at a e. ven p o· n to 'Ihis fL1.~1.c~.. :7_o:tl may oc 
:r'e ~U"2'D.n:;o d Go t 1at i?, dil"'<=:ct :::: o.u-G:tcr.::. ms-,·:y be ob·tn:1..ned fcx· any 
one o-r thG other• vn.r.:!.::J_i)l es o ' 
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