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. CaAPlm. % 

~ o~ \Jillcb ie in\-eatisated 1..-:i ~i.!o ~:- ts tho .~ 

1osa ~on *1:' - dt~ tliev. ~ ~.;:atlon i."m~ 

18 dmi.\04 in t"e~1"Cnee !) ~ S.o . s1 ven bJf tb1;) ~on 

~Uon (1-l) !.a an eqJat1on '1bieh 10 a~ of ·tho ~ o'l 

o(Jlettom ot the ~al form 

~ Pet Oe, ~ Ila. C.\"O con~ ~ at z,. '3"1 .fD1 e 
~aains ·~ tltet .~· dcr.tvr:tA..~ \d.tb ~ to s, 

P:ca ~ 1, u en ~totl ot tho tona 61\'GD 'b1' 
e~tioQ (1-2) ta~ ·tbor<t e:dOtB c .function iia.(x. '31 s)· 

GUCh tbat tbo ~on ~~ + PaQafJ:I + i~ 1o ~ tbo 

<ledvatiw of 8tU.l 1\metton Otf3 te(:, 7, s) 8M thtls 

(1-2) 



•1• 

(l-4) 

(1-6) 

llllt1pl.7 equ.c.t1on (l-4) bJ' 1lu equation (1•') bt Pe.1 and equation (1-6) 

~ Qe. eD1 odd the· rosulto to obtain ~ reatTar~nt, 

~· equatiotl otnWt a r.ieceaa&T'J' con41 t1on that equation (1•2) haw a 

eolutioa. low tt re:ul1nG to ia-o•that ecpe..Uon (1•7) ta a euttident 

coullt1on • 

. Since tbe equation Pad:+ Q,,,d7 • O 1a Dl'-"018 intesrabJA if z. 

is CODG1~ constant, there vlll be no loss 1n s;mera11t7 1n 

asamt na that P 8 1J:Jr. + Oe.d::I io an exact diffeNnt1a1 vi th reapect to 

x all4 7 • !1'1lC GOlut1ot1 of 

(l.S) 



.a. 

libero 'Ya· :represent# an arb1 trttt7 function or ~ • Si.J'lee Pa&< + Cio,61 
bu been assumed to be c.u .exsct 4i:ttercnt1al 

&.ihstitute the expression& for P4 atJCJ. ~ ot eqµation (l•lO) into 

equation (1•2). Arter re~s the expresat.on obtained tar 
equation (1•2) the tolloving equation is obta..tned: 

Equation (l•l2) can be intcs;rated 1f thrrc e:r..tsta a relation 

(l•ll) 

. d.f 
. independent of : ttnd. :' between l:la. s~"' erA. ta; that is, it fa 

a~ 
a.nd Ea - "Jii conG1dered as twletions of x and y( z eonstam:.) a.re 

clc:tendent (for it ee..,, u mt euch a dependence ~t:.en t..._re vill 

exist tbree ~ms 1n the eq..l3.ti.on). In re1t?renca 21 page 4221 
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at 
1'at t1 • f'e end f 2 • ll • ~20 then far t.'lel'O to be a SOlution of 

e<P&tion (1•12), ecpat1on (l•l}) regJ.dres t.'le fU.nv~ona fa and 

B .. ~A to cat1~ t.be re1e.t1on 

~ • .. a . • . a~ • .. · ~ •O ·;m.···-. . a.;
2
.t ~ . ~f a.JIL. ?flt u 

ey 02 ~ ~I ()x oz ox 

(1•15) 

S1nee fi'cm eqmrtion (l.•10)1 ~m • !~ o O it ~ere tnGt 07 (): 
()t~t.1.on .(l•l6) is t.'le c~ ce ~tion (1•7) v.t~h the eiptl cha.~) 
henco it ~~:on (l-7) bolds e~tton (1•12) can be ~ 1n 

toima or~ tw.-o va...-tablca fa tf.Tld z_ ~tho s.~~t ic in e 

col vablo tc1a. Sineo e~ona. (1•12) ena.. (1•2) e.re the ea:tJ Ctt"..at1oo, 

tlds SOlution w1 ~' ta :cplace4 '.tr.t its velue in te:rma ot x e:l4 ,. 

VW. be t.be lntesraJ. ot equation (1-.2) • ~Uon (1•7) is thus a 

ncccesQ.1."1 eri1 aa..~1cie.'lt eoadit1on for (H'fJAtion (1•2) to be 1~e .. 

Eq'Jation (1•7) lf'U ~to be a OOceGStlr.-7 end ouf't1c1ent COJXU.• 

t1on .frA: e¢~ of the 1'lit1 f;\.i,~n b:/ oqw:::.ti<m (l-2) to. be in~e .. 

~# U;POn ~ oquatiOn (l•7) to equation (l•l) it ·:ta fo'.mfi tllo.t 

ft>r cption u-1) to ba ~ the wl.ue Of (4~.!) lllWlt be 
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Let us~ tbat tbe equation of the f'o.ta ~wn bl cqua.t1on (l~) 

le not 1n~le. \1hen e.n eq~.ton of tho fo11ll ~iven b:t e¢:J.on (1•2) 

18 not inteS?-a'ble1 the litel"'n.itn~ s:t~z· t;ro ~methods 'ihieh can 

be~- to obt~.in a IK\Lut:t.on. 

~on ot ~, "31 and : end SOlvt~ 1t simu1~ \titb 

eqJC.tton (l-2). In m~c:er to obW.U ps..-ti.C'.:lar eol~~!ons or e~ooa 
o'E tbo to:m SS.~ 1n equ:i.ttoc. (1-2) '4len eq-Jation (1•7) la not 
~stied, es.f!rtt5C or:/ arbi~/ re.tofwion 

~~- et + 21_ ~ ey + gt dz. Q 0 Oi ~ uz (l~l8) 

t1hen the tor~ t 1c ,a,pcc!tled, t?wac tr.ro C(l.Jat1ona will ctetc.nrJ.ne z 

~.Jld ~ 1n te?'1:S of :r., 7, ex, a..~ d7 (or ~~elll' 1 one of tbo· 

it"ar!ables ~ ita tliff~tiel in tol"mt$ -~tho other ·t.1t"O a."14 their 

dift'erent1rJ.:th \nten t.~J aze aubst1tuted 1n equ..~on (1•2) thE1;f 

mclto 1t or the tom 

~ ~~ter:; V-n an-i Ea a3."e ftmctio:-aJ of : end 11 the' 

'Vtll.wa of which v.Ul depend upon. t..'1e ton:i o:r tha Chosen 1'mction \t. 
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~equation (l-19) ~be ool\~ end t1te u-:ault1 con+.,.n;tn!ns c 

a:r'bit.~.r co~~t will.1 toJ'Jetber \11th equat.ion (1•17)1 constitute 

a particular solutton of oqua.t.ton (1•2). 1lf gt v:tr.e au. JCGsihle rormo 
to y, every p.-,ss1ble scU.ution oz e~t1on (1-2) \lUl be ob~. 

-~ue .fitting or a.U t.Jl4 ~eo ot :tr.ct.erect vhcn. ~ina thia 
·met.ilod to eqJation (l-1) li"OU.ld prove to be a long and. tedious Job. 

»'I elbl:'..nr~ins t:be dittcrenticl eler.rent dz betw-ec.u the tlf~ 

equ.at1r1r.s· (l-2) ~"i(l (l•l.8)1 ta Gbttdn the .tora oi* e·quatton (l•l9)1 

vc can see tlle- re1at1e."1Sl11p the equation ot co.~Uon (eq. (l•7)) 

~sea on tbG eolution to equation (l-2). The ~ e tmich 

occurs in equs.t!oo (1 .. 2) m.uat be replaced irJ f..ts volt!$ aeriiw :tran 

C·q'.il::ti® (l•l7) [·t(z; '¥1· ~) • o]. T.w ~the equation ot 
co.~t.ton, eq"~t10. .. (1•7), 1a s~~af'ied .uo t..~t Pa> Oc; atx1 Ba 
are p~:tlona.t t.~ ti» attterential coe.fticienta or x1 ':t1 and a 

~~!Unction; if thia tunction be t(x, :t1 e)1 t.~n ve ~'° 

41.ftere:t-~al eGmtion1 end a:r/ o-~r eqJZ.ttion ~ated v1 tb t • C 

C83 be pel'fectl.;r Q.?bii;rat7 (&UQ CS f G 0)# :or its ~181Qll V1ll 

not enter 1:f'v.> the ~t.tal e~tton \fben for:Ed from t!'leae 

1lltiegral oqµat:tons.. It1 lXr.ewr,, ~i.e equ.u.tlou of ·condition tie·~~ 

Pa.J Qc, m:d Ra is not 03.tiG.rt..od.1 thet~ u D;>· :"unction v wch. that 
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the nl.c.t1cna ot e~tion (1-20) bOldJ and thus, t~ + Bad:Jt • o, 
le .no\ en l&mtlt:f but leads to an 1ntegr:at1 the ~ ~ vb1ch 1a 

~~bl the f'o:m Oft-be e.rb1trat7 eq~t1on t1ro\ Wri.tten down 

ezx1 tlh1ch must be ascociated with tbat equation 1n ·order to 

o:mstltute tbo ~-
«J!o eccond ~al mthod of obta1ntns c IOlut1on to ~ 

tlon (l-2) \f~ the ~on o£ cond1t1on ta llOt eatisf1ed u sS,...m 

!A a cemo1r b:r Pta."T. u no mas.le 1ntes:nl equation exteto Vtdch 1s 

equ1 va'l.cmt to the fitfe:ent!el eqactton; then the metl¥X1 ot ~­

mmns the integal eqµ.tvalent ta ca1le4 Pla.~•a problem, end tbs 

~at Ot.P3t1on ltaelt 1o often eel.led a Ptattlan equat.lon .• 

Plett dlcr.ed tll-"lt an ~ eqtd.vai.ent o: a total. ~al 

equntion, cootoJninG (2Da • l) or 2tla ~ld>leu, can e.tvcgc be 

eowtituted b:r e ~ ot 1nteo;ral equat.tono mt ~ then na in 

maber. A ttlU &~on ot Pfa.tt•e problma an4 its :esul' cea be 

touna 1n ·~of Dlfte:ents.el Equat1ons/'' 'VOl.. 1 tv A. n. Jb1-a;rtb. 

Bere a d1acuae1on of on.1.3' tho three 'Vllrlehlea case v1ll be gl-.n. 

Aatl:ae tile eqJat1on Of co:r.uuon (e;.. (1-7)) u not oat!otte4 

ftr equ&t.toc (1•2).. !L'hen let 

(1-a) 

iaenticoll:r• Sboa'14 1t be p:>saible that a ~ v41 mld •a e=1n 

t.taich c:'e f".metlons of :, ':11 ~ ta tl:en Pe1 ~ mX1 fta mat be 

gtwan~ 
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. ®a ~ n... • ~. .. . + v ... ·· .: ~ CJ:t au 

~ oubstitutioo or equation (1-e2) .bto. eqJStion (1•2') 

PAI ~ e:l4 11 a'O ~s-4 ca 

()· "Vi·. ·.a~~ .. · .. ·.. . ~. · ... -.. °'~av.· .... ·.· .. ·· .. o• ·~ . . ·~ 'ux··z os fr· 
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OVa dVa dVa 
an\ ~ng the result arx1 'tr.( (i:i , aj 'I end. :lz. , respecti WJ.71 and. 

8'1'32 DB the l"esult, the tvo f'ollw1ng partial. dttterentlal C·Q'.Uat1ona 

P.' ' .0v.· J'l + o.•· t:s + R'. ·~. a 0 0 a ox ""a · 7 -14 oa 

pt ~ .. ·.Va + ot rv&} + B•. r~ '° 0 a. -x ""& O:f a z 

QlL ~' . . Cr 
P.·• ......... ""'U·. + o• ?. + B' * ... :a.... • a P P. • + n o• + B a• e. ilx ~ C,';f a oz a a ' ' s a 

As the or1g1llal eqJ.Ction (eq. (1•2)) V"--A e:JGlltnOd mt to settar.t;,· the 

equation or ccmdit1on ~ion ~be rigbt-hBnd o1de ot eq~oo (1•27) 

4oes rot va.n!Sh o:x1. thus Ua does not catiefJ" t.1)e eSD eemrol ·tq.pa 

ot e~ co v11 ont1 wa ·~ ta 

P! ~ .•... : ·. + o• . <l.·f:a· + tH ~a • o 
a<bt 'tl:f ·-au~ 

(l-33) 
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~ tr:"~ of the et1Jat1on in tia ls a f'wl~ ot tvo 

~ functions ·003; 

~1 bot..ll v6 and Va Gl°O or.J.:r f\met1ons of ea ·~.d ~a• 

~- t..~ Wa eq.Jal fl ~~Oll Of O'.n e:.ld fSa,1 erq Va flt eta• 
~nmake 

that ie, for this i~lt\tion ~ns tne va.r1&bles P4d:#. + ~ey + 26dz 

io a perfect difteio.tt-wtsl. ~' ve use tbe relct1on 
<£u(:1 '!Ii m) • e. to ::~ve om of tho ve;r:!.ableo e.nd its d1fterentlat 

element, sq z and dz boa P:;IJJt + Qaft3 + Bc.42J the reault1.ns 

~ssion 18 a per~ 41.fte.~tial.1 ~ fl~(~, .71 a). In 

-a,(x, 71 a) \te re1tdlert the ~iable z and n=o-ve t1le constant (a) 

lr; aubat!.tut.tnG c • Ce,(z, -:11 z); $.Gd. tllen f.fa(x, 11 e) becomea Ua.• 

Jov· v8 cm be obtained trr.a ~ ot the equa+~ne 1n e~tton (1•22) 

and thus Gince ~ vL\J ana. va e-1"0 kn7lll!l then e~tion (l-21) holds, 

that 18 
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l:fow the eolution or equnt1on (1·;2) Cn:l be represented b7 at most, 

tltree pairs of 1.nteg:rcl eir~tions 

21_ h.. (3) t(Uu va) • o, •a <ht~ • ~ ·• 0 a · a 

1'll1B abo\O la vcr;r· eJ.eeant matbemat1call.7 but, ea tbe expresa1ons 

tor Uc.I Va.. ·atJi va obtatr.ea for equation (1·16) .me oo ~cate4 
e.n4 awkward to uoo, tbe present mtb:>d WU· 6evele,ped to perform tl8 

S.ntegratAd ft1ct1on losses ~ a ~oontc lnlet. 



A 

A* 

f 

t(M) 

fd(M) 

H 

~dot souM. (• ~reBt) 

vid"-' of ·eurtc.ce 

aw~ Mction hetor (• ~r) 
»01nt C1.etion ~ 

apee1f1c heat a.t co.~ preseure 

s,ee1t1c he® a.t conatoot Vr=>lttnn 

"t.t-.t?~"" ~ A.--.........-... ( 4 cross oecttonal e.:ea.) .,_,vw.QiirU..C ~-~ c • -•-·• --.- ... t .· . . • · ·.·.·.· • •• . - -P'<ritreter 

ei'.t'eetbe Mct.ton fsctol:' 0 .'f ~) 
fUnct1on o~ x, 7, e:xl e 

Vacb W3ber ~ G •(1 ;:.=::Y/2) 

srmv comtant ( .. '2·2 ~) 

total preaeuro 
G:'eG Wighted total preaat...., 

c=ifll. length 1n t..'le : direction 

mass flov •pe:t tm1 t area 1n t.1» boundar.tll~ 



p 

p 

r 

tlet Vs,.t Va 

v 
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mass fl.ov per ·um.t erea 1n tba ft'ce strem 

t:aOS fl.av in the inlet 

•mh~ 

f\mctiQn ot x mx1 7 

tunct.1on Gt : mld. :r 
static presaw:o 

con+~l?UOUS tunctlon ot :, 71 mX1 r. 

~c ~ (• ~ IIM2) 
cootinUous i\mct1on of x, 11 ~ ~ 

altabattc vall reco1e17 factor (ia o.asG ti# turbu.l.cnt 

tlov mm. o.a'1 tor lomtner nov) 

gas const=t ( • :M m 
~a.a mnber baaed on x 

~~basedcn e 

sl~ ot allm 
otaUc ~attire 

~~t1on~ 

transt~ ~too 
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11 

0 
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diatance 1n x d!recti.on 

rn.t1o or the s,pec:li'ie beats ("' ~) 
~-~r t...~clmeas 

funct1on ot x1 ,-, an4 z 

meas denoi\r (• Jt) 
Sbeor stre.so at t:e voll. 

total. malenttn per ~t area in too ·~ ~· 

total ~ per um,t, area in the ~ st.tea 

rl ~ "' J0 P-o\\.2u(l) 
• r>&V&2 

mb1trar:f tuncticm of z 

total m::aenttn tn the 1n'let (. p + ~) A.t 
total m.amentum. Sn t..~ ~I ~ 

total ~ 1n ti» CO...'VO 

fU:ootion <>: m:, 'if 1 o:ll1 z 
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A 

A-v. 

b 

c 

e 
end 

l 

tnle\ 

i 

tu:rt> .• 

x 
1 

2 

e 

s...~a 

s.~a&e val.us 

~l~ 

core 
et'.tltetiw 

ctd 

~amble 

- ~o. 

conditions at the 1nlet leacl.f.De e<1.go 

at tbe ~ or 'the ~ lt.wer 
lmtoor 

mi&lle of the element 

element mmlber 

stagnation cond1t1otta 

i»1nt "value 

upstreem ot the 1nlet 

shock 

total 

tril:rbUlent fl.ow 

based on X or at etation X 

llt'1)..""'ftgC ot the elED'imt 

Gl'ld ot the element 

baaed on t.."ie ~ thickness, 9 



lD*iEBICAL lmllOl>· mvEL01EO Fell 

~AL mlC'l'I01i ~oms 

A brief 1n~Uon lndica.ted that a. cont1nuous tntegretion 

t:llone a ~sanic ditrt.uJel"' a length to obtain tbe fthch .lllldber looses 

4uo to Giwltcr.eouo ettecta ot shocks, atea. c~i at'1d. t'r1ct.ton 1s 

.~to ~1ble &;e to the mnl1m.'"1'1tr ot tb3 41ttcmmtial e~'1-t1on, 

e·qu.a.tion (l•l), 1nv-;,11ttd. 'l:-ius, a . 81:!plit4~ flov m:>del 1a ~ .. 

1'411eh ;pemS.to the ~is..~ ot t.11ese 1~wegrat1ona ~telJ" 1D 

t-~te steps. h' t~be purpose of ~onat ~' Wbicb. Se 

A1oo tbe effect of t."le aize of the steps, the ateps o:r elecents m-e 

chosen as 0.25 1/D1 0.5 i/D, atvl 1.0 l/D 1n lmlBth• -rbeoe otat10Jla 

c.ro located b:r tntoe;rattns e. e.J:rVC of i \WGUS (l /IJ) and plotttns 

·'tbe result.a ~'Wt i. On the curve thus obtcine41 tbe ~ons are 

cboecn et aver; o.~ i/D, o.!} l/D, or i.o l/D mxl the corresponding 

EQd&l 10cat!cns taken. !'lle ~ used. to:: i'li.etion cntcule.tioml ta 

coa:xoed to be ~:er.01.anei o...,,,_ a aboc1t pattern w.a obtaited UG1ni 

~~ tables m11 the ~ inlet ·va1l..s u the· re-~ surface 
tor tho cbocka (tts. 2 Sivca model. '1.tS.ll 0''1tl.1m and .~~. 

A1.eo ass8'4 1a tbe ~~ e~tr of total e:)d Gbock e:rens. 
Upon~ f!S'Jre 11t can be eeen that ·hz • As+ eA• and t.'1.us 

1..t ~te c~1t:r of k: &,a As ts not the caae then. plate 
nov tJ:rietion ~ dewlopcd 1n eqir.lat1ono (A-1) ~ (A-11) 1 

~ A cannot be used. 
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Based on the ~ ~ ~..ion on CTCG,, an tlt'Otl w1;bted 

core totol. ~.nie :ecovm7 vernua dir~ bQll the 1nlet le~ 

edtJt can be obtu.1.ned. A one~"Ui·1on.'ll ollock. Jrtach number (v1tbout 

bounda.17-~ ettee4'~) can be calculated and plotted wn:ua aistsnco 

fJ'am the· lea:11 DS edee ot ~ inlet bl using 'l;he atea we!Ghted t.~trJ. 

vteasuxe re~7 al.OL'lg the 1.nlet, c:ea eb~ al0116 tbe inlet, cnt1 

the· .~ ol CQ'QO'~ maaa fl.ow al.ODS the inlet. ·~ ha.vlna 
dete~d tbe er.feet or the abocka. 00 tho flaw' the effects ot 
triction me· bcn;lled uaing one·~ flow e•iou ot 

t'ef.enmces ' ·end 6. Usins the ca~ined effects ot ehockc and. friction 

Uf to a station, i~ ia pooaihlo to &:t,emine the. bou:.tdar; le,er and 

displ~ ~ us:t.ns essuc.ed values ot a•/s, e•/'61 and oE/a. 1m 

par~~rG ~~/a, · 5*/f>, '4-id Gq,/o a.re ·aete~ned for lemt::w.r flow US1ll6 a 

mtho4 put forth in . refel:ence 1, but in&tew o: ua1na the ~tu.J:e 

protlleo ot :etent!lCO 1 toe ~ratui"O profilea ptlt forth in l~· 

erence 6 ere uaed vit.'l the l&mitVll"' recove17 ~~ (0.851). 'rho 

~ a-/o, ll* /o, end o'l/~ tor t'Jrbulent tlov m:e dote.~ 

uo1llG a mtbod pit tort:i ill retoreneo 8 (~ reaoonf\hle values 

tor tba tur~ 1¥~-~- \leloci\y profile ~r li). 

~t1c vcll t.1ll."\1es o~ ('()¥./S)1 (o~/s), crA. (o«/a) are presento<l 

ill f'ic~s '' 4, .a."ld :51 l.'e$'~CU lUl)r. 

In esoor.ce there Q~ two main equa.tiom pluo sho-ek losses that 

must be ~d t.3 obttlln the f::ictian losaea cmd area change 

ottecte ~~ Cl element. 1'ile wo equations ere: (f:ora am>• A) 



• 2} .. 

It remains to astenn1ne t..'le values ot t.11e ~nmtera vb.tell &r.~ used 

tn ec~4tlona (A-12) em (A-.}9) and the .~· tbese equations a:-e 

utu.1~. 

~ P3l'1'tattDters G*/IJ1 v'5./a, ·.and o*/& ~d 1n ·cqu.at1on (A-39) 

:.u"'9 detcrained 1f the core tbch ~r ·end~ ot flow 1e ~11. 

~ 1 t recG.ina to ootermim the values ot the t.~ !tacb number, ·. 

J.Se# a.nd &A*/Ae tha.t a:re needed :1n the equation• Using the fact that 

tbe total a.i-ea ct o station equal.a ·the ·Gbock area· plus tbe di~ece· 

amt a.~a 1 t is CODClud.Od that fJXfl ·~ in core proz>ertieo except 

tllat cause4 by ~..n c:Jd. total crea ~~ ts ca.used b3' the tliLl-

pl~nt area, &A*. U the. d1spl~. area wa tero the cen> 

lib.ch ~r v:>Uld be that of the Ghoclt di~ 1nlPOood on t.~ total 

area, l'tf1 but th.to J:Qt being the co.oe the core Hscll ~r must be 

el tered b1 the etfQct of ®crowns ·tho total miaa to t.'lnt of the 

nbock e..~. Pl"Cm figul'O 6 obtain fv:/ A•·(. A/:A* 1n t13Ul"O 6) and. 

Ac/ A* '8 A/ A* in figJ:e 6> COl7.'eS~ to the core ~heh ~:r 

(vith 84* • O) m'l4 the o.l.tered ro?ie Mach ~r as~. UsiDS 



hf/A* tb.c i,'Ulue or aA•/As 10 ob~Uned C·Jl'l"C~;)trJins to each asst:ed 

al.tared c.ore J~1 number. 

Substitute too 5A*/Ao \"aluea ot eqJ.at1o..~ (2•1) em the ror-

~ e.l.U4~ Mc into equation (1.,39). ~an tbeae subst1tut:1onc 

a ~ of l·lo ~rsuo Mo con be ob~'1ined to:-- toe station in cr~stion 

using fJ.gure 1 uhicll st•a ~a o:t [ f(lr\,) • f(l4e~/f(~) wrsua Mc 

for ~~ ~-luoa of (Mc • lfre). 'rho oo~ation ot oOOck loasoe 

er.d friction losceo up to ·tbQ station in question m:1.4'-t rcsu.tt 1.n a 

point on the curvtJ of t'4c versus I\; ~ con'espondir!G to 

equation (As-,9) • 

~ ~· in Mc cn<l. •!e due to tbo aee~at1on of ehock WXt 

friction loseee 1c e:Q}ressed b;r 



~ wluo of ( tl0Ve/Pt;;P-0)0ri.1 ot ~t obtet.~ in ett~ticn (2-4) 

co:~ b:> tho e.~ct1\e lbcll ~r at the end ot the ol~t. 

~ eftectJ.10 Mach ~ c.t tbo boGL~ of t..'1G elemen'b ie e.s~ 

~ em_ ·ifA"1uO the .~ l01:j$ ·dtxl to L'"CO. ~.O ~ Gbock lO~GCS 

~ cftoctiw )~\number locs cl.ue· to friction <a·btt1iction> 

is obtoined ~ Jalm B. f:bM'"J'S ano-t!)z:r:m.~1onnl ~tion (ref. 6), 

equation (A-12) 1 e~ A, .tor ettect1\<ll M •• ')tb ~r losa 1n a 

vh1.eb excludes ~~ c...~ ~tern. i'ho notll.1.near di.~1"Cn't'1a\ 

equation c.i~1-eaned in cquat1an (l•l) if ool~d w-.4d eizr.ulto~ 



erfoet1 ve lt?,;cll ~r would atoo c;!. \~ th~ rcsul ts thtlt could be obt~J fletl 

troa tte solution at oqoo.t1on (l•l) it BJ~\~ef' \taS o.o~ equal to ooe. 

In order to n~ equo;t1on (}.,-l,2) t-.~ bi.ction eooEficicnt 1e 

~. ~ fl.'1.et1on ~.;;>14 Op to1~ ~nt O%le ls d.rt-"'Soou oo1ng 

station ono ec.SlU)d ,,.,-1.ucs at Mc1 Jfe, c.na a'IJAo (obv~ ~ tne 

t.l\ll""VG constructed ·from eqwition (A-59) fer ~tion one) to cclculate 

BB(nld• 

'ale· ~tam thic.taless, aend, et t1lo em of t.'le eler:imt is obta.1md 

'r1lO pw.~ (&A*/OA)end 10 a.e~ ett~'ll to o•/a conespnnding to 
the a~d stu.tton om Mc end D it the flw is turtr-'"11.ent a..~ jwst 

osouain stQttoo om lflc it the tlou ts lri-.m.1.nnr. i'l» \"Gluc ot Bocm 
1e ~~n ei,ven bl 

(2-6) 

Tl'.e \'1.ue of CF/CF1 tor element one is obtained fl-em Ecl:ert• s 

nd'erencc 4tsm.PQ1"a~~~ rnetbod. ust.~ fol" ~nt now (re!'. 9) .the 



(Wl:t.olJatlc wll curves or Cj?/Cy1 s:~ gi\"en 1n f1su1~ 9 for tur\J'VJ.ent 

f'lOV and fitr.l?'e 10 for ltwdnar nov) o.nd JUGt element midpoint w.lOOS 

of He cm ~2 foi· lM'lr:! nar i'lov (ref• 10) • Using 1-"le ta.e·t that 

Cp/CF1 • a/a1 (for l«niZ>nr G.£"14 turL'tilent tYJ.ow,, av~· A) l19end can be 

converted to Baiem trJ 

Ra ~ 
Blli .... · . . •-.~ -em CF 

. -c'Ct. . 
"1 

UGtns aoiend ·QU ttvo~ in~stdb.1.o friction coefficient tor 

··~ one can bo dbt&1m4 fro!l. ftsuro· ll corro~ n;:~cti 'VGl..7 

numbe1• 1.o obt..~ i"rCQ fisu.tv 8 end tho ele=nt midp:>int values of 

!lc1 5!i, and H/llref1 etc. Equations (2•5)1 (2-6), .and (21117) bceoce, 

respe·cti vel7 

(2-8) 



(2-10) 

'lb& M..ctian coor:ic1ont correeponding to the Be:;'DOldo ~r 

ne1m:td. ot ele:iXmtc other tbQn the 1r.1 tial element ie GD 1~re.ac.thle 

local b1.ct1on coef.tlcient Ct1 (tnlten hem tho w.rve of ~~co1blo 

local friction cooft1c1ent for· lrar.:tna.r1 or turbulent,, ~ u, tlO\i'"D 

·as tbs case t'$IJ'3 be) • The restJl\ing point !'riet1on coefficient 18 

~ equal. to tbe eve~ ~iusib.le friction coe....-rticient fol• 

tbe clemnt 1n quesUori. 

For fJZ1:3' e'etx'Jnt the rceultin; 1nco.~re~11blc friction cccff"leient 

can tbcn be con~z-ted to a er'JI»nHleib.le v~uue t:r1 ttU.1.Upl~ by t:l<! 

C~i .. -.. CzfCt~ ~ dutil1G the C&lcul.at!on of R tt.: . . to~ el~nt "' W'J.end 
one Ol" lti:>1m1.4. tar el<=enta tonow!nl) ele~..ent one. auoo·tt w~ tba 

C:r; or CJ' thua obtdnc.~ tf.l<mg \11th tbe cs~ ~nt mid:point '\"'aluoo 

of Mei •fe, caXl &A'*/Ae, into equation (A-16), ~A, de1·1'Wd for 

tbo ecmveroion or Cp to J. n. ffenr:t'a (rer. 6) effecti\\IO tt-1ct1on 

factor, t. 

~rt the valtJe or t Qb~llefl ~"10 1n eq,uat1on (A-12) al.OOG 

v1 th ·tbo ~a ma~tnt value o:t etfecti • J;fo.c.h md:ler mld. tbe 

e.ffect1 I\" .lbch ~r losa c.ue to fd.ction 1n the el~t CC'1 be 

cal~. i'be ele?rent m1¢point ~ue ot eracuve Kach number wot 

be essumd be~ J. n. Hem7•s (rer. 6) eq-~tion tor e~w1.ve 14.scll 

tlllmbor lose due to friction, equation (A-12)1 ta f03.• a constant area 

duct mxl thtUJ tm average Me t:r.JGt 'be e.s~ toz5 tbc el~ ao ca to 

---·--~ 



obt..411ned us.ins eq~Uon. (A-12) appendix A, g:t '~s the eti"ccti ~ lbch 

~r loss te>r an ~nt Vith 1/D • 0.25, l/D • 0.5 °"'~ i.o, \~rsuo 

~ ~ue 0: the effeetiw Mr-..r.eb ~r, (Me) ·.· , et the ·CI.id of tbe em 
eJ.cr=nt is &!.ven ·tt/ equation (2•') • ~a.e .oMea..~:!l ·~ mX1 Gbod: loss 
is obW..ned coo. .. respondlng to e<?Jation (2.Ji) o."Jd. t.'xt Ma c.t t-.\0 cud of 

the previous ~nt., 'J.'llo aferrtction 1o oo~"'1ned ~ ~s l2 

or 1' er4 t...110 acS\lm!d elemsnt md::»lnt value o: Me aloll6 v:t t..~ the 

catcutatee. f'r1ct1on f~r, t.. Fie;pet.1t1on or th1a PJ."Oeedure gi-vea .a. 

cu.~ ot (Mc)end oo~~ ~rsus (Me)end ea.lculnted e.Dd ~'le inter-

section of' this CU.'"\'1l vit.11 tlle ~Je of .Ile versus ~ c~ tl"tml 

equation (A-39) g1 ~s t.'ie ~ct ttc, ~~, e.na &.A•/>--e for the s+..-at1on 

in question. 

Point trc:na1t1on ~ lcmtmz:r to turbulent tlet- 10 a.e~ to 

nu::iber Me.t th...~;JSb tl~-is1 tton. A...~1· transit.ton a ntr-J CUl'W of V~ 

\el'·ewt z~\, eM ·bfJ ca.leul4toa. w.dns equations (A-39) and. (2•l) c.tons 

pm~r 1. U::d.na the c.s~on of ~t e.~e+.J.w %4.ach ~r 

t..'U"oueh tl"a?'..s1t1on ~1\e turbulent val.ue of. IA~ ( tu1d thus 8A*/~) to..~ be 
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CHA.PTER III 

The possible value t4c versus Me C'..u'Ve is generated, 

corresponding to equation (A·39), for the end ot the element being 

calculated. At the t"··Nre time the possible V"J.lues of (6l*/Ae,) versus 

Mc is generated corresponding to e,quat1on (2•1). 

Me 

Tllen a .. value o£ Mc fol" the end of tr"° elerent in question is assu:r.:ed 

and a. curve of this assumed !~1 a.lld the eorresponcU.ns BA*/As and .J.\; ' 

(taken .from. the possible value Mc versus 1.fe cu.n.~ and. the l>Osaibl.c 

vatue &A*/As versus Mc curve) versus intet;.re.ted t/D is drawn. 



l ..... 
.D 

roe element mdpo1nt values of Mc, life, and. eA*/Ao a., ·then 

picked off end. the ~~ $"'Je~ !Tict1on .fu.ctor dete~~ ~ 

U$1ntl. oqunt1on (A-12) tbe t-l:\, &le to fd.et1on .la calculated. ·~ 

J,\a f0t;• the ond of tll.e elemnt 1o then s!.\10n b'tJ eq-i;U:.tion (2•;t). ·fbo 

l"Ocu.ltins (l'c)em:, eaieu.lated ta t-~ plotted _ve~sus thQ c.so-~4 · 

(t4c) end on the Gt.nXl plot u thtl.t \i-hich ~· the eurve ot the poss1blo 

val.UCO Of life and lr\l • 

' ---------~, 

"' ' ' ' 
Possible vn ••• J:ao Me 
~ .Mc~ 
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It the re.eulttns point pl.otted on tho possible Vtilue Mc vorew> 

•• plot d.oeo not lio on tlX'I pooc1ble vn..J.uo 14e Wl"BUS lfo curve t..11en 

a now Mc a:st be chosen ~ tbo ~· t'epaatea.. '?llo &~ ot tbe 

pocoibl.e lrio Wl,..G'J:S lfe. OW!"VO ~ to be (for all cs.sea ·co:midered) 

p~.1~ a straight linQ. 11'.lWl by i~in-ocentins tb& po::c1ble vn...lu.e 

curve ey a ct:ra1Ght line1 a. porpondicJlv ·can 'be drawn fl"'Cb tbe f'J.rot 

(Me) eo'l, ae~d wr:r~o (ife) end, cslc-tilated point to the otrnieht 

line represontins tho· p::>atlible inlluo curve• As tho alo1iC o£ the 

poaaible value c-~ 1o kram m'l4 thua ·~ Bl.ope ot its l!erpand1culer 

tbon ·the itrtc1"'Cect1on o1lt tl~ pe~culor l1ne from tbs calculated 

,,..l) 

~ .i1'preeentat1ve line io mode to pcJJt tl~ tbe [(i:fel1, (Me>J 
point es~ :01: tbo f::Lrot ca..\culet1on. ·l1.bc. (.He).... gi\len by t.'le above 
. ~ 

f~. 18 the Mc to .be nctr~d ft>r the ncv cclculnt1on. 

~ie abo-Y'e 1torat1• mthod .1a dbcervect to eonver.,, to tho 

~cc of the Possible '~ue 'le wrsuo Me curve and tho 

eQlculatcd Mc vorsuo Ma ·curve. fl'i.ie i"Caaon tor thla 1a inbe1-ent 

in the ~ ot tho tvo ~• over tlle ~~ ot ltacb ~rs 

(l.) ~ toesible ~T!l.u;, Mc VDl"G'.US 1'3 C\U"W 1s clvqs ot 
posit1 \Q ato.pe. 

(2) Tr.o poocible vc.luc )!e -wercus Mc +-w'Un"e =a be ~ted 

~J a otrd~'rt 11m. 



cl.O,P3 and. 1e a. ~th cu...~". 

· Utili1mg f~t.~c (1)1 (2)1 erA (;) &l.iaut t'he ttJO C'W:WS 1n question 

(f.le>1,. celculc.ted 

Po.amble value v. 
wraus Me cu...""'VO 

ii' (itcJ, < (Mc)1 tl'-~1~ 1:& no C"~MteG of eotn"CreetlGO to tll$ lntoraeetion. 

lf (1'tc)' < bic>1 tboen ~ po1nt 



(Me>1, cs~ 

(Me>,, calculated 

------" I', 
I " 
I " 
I 

' I 
I 
I 
I 
I 
I 
l 

11 , I 

---4-----H---4 

[tMe)2, (!4e)2 «U..] lies on the· oppo:si'bs Gide of tbe. Me wroua lie 

poo:dble vnluo cur\• fn:.c ~'1at ot the [ btc>1, (l<fe)1 ·c£.t. J point. 

Conve1~noe ~ ~'lcn. ~ecort.rJl.1al¥td by the Jotn.1ns ct tbe (ffo)1 <:'4\ . 

a."ld. (Ma)2 cal. pointo 'tdth a atra!sht line .Md obtdn1n; lts inte~· 

ee,ction With t.be stntt.s.~t line rept-esenting ·the p~tdble v:?.lue c-~. 

~ (Mc)3.1 (Mc)4, etc,, ~Jld ~"lO?l 'ba .ci"A7n by 

~ ~'¢dou d1ecucsion to:-~ tlle 1$e co cs to ~ 

tt1 t..11e: L~:r::icct1o."'t r4 for the. eaae 1n v.Jic..11 tho first calculated 



~ lq @o\-e ~~ pono1ble v~ue l'c ·vorWJa lb etU:W but a 1r1.m",m"' 

.ft!ccuaston b:ltds for: the eeac 1n vhich the. first calculated (Me:1 1.fc) 

point 11ca belOW' tbct poaa!ble \'"$luo curve. !110· diff01"Ym.ce 1s 1n t..~t 

conver~ ia c.ee~~ if (Me)' < (Mc)1 ·~~ if not. ·the .teeond 

:act.~ =ict be .tt.:Pill~· 



Ul1.0 havo 1, a?, ,, ~ 4 ahoc!<:r., n~ctlvel:f~ '1:ld g-1.,~ c.ppro.x;h~tel.1 

tbo ~· itach mr::L~:r ~~, 4.o to ,.o, aue to sbQctui. hlctie.n 

cal.cul et.ions ~, conclutttld on ~ I, n,. IUlh atd. rt ~ tlxt 

Present~ 'but befottt Porto~ tbo. f::S.ctton e:zlcul:t;ttorJJ tor 

the erea cha.~ c:.Pfeet and thus tho ele~len' eiee-1 on the caleulat1ons. 

!able % £1 vea tho ~oc-7 int~Uon -to1• tlle ti'ic+.A.on eaieu.te.t!ono 

ot &U four ~o. 
b order to de~ thG th.~no1on.~JJ effects upon ~ 

trtctiot1 eal.culat1om, ~at.tonG ot &l'/A,;,, ?~ ~ J.'3 Wl." con-
ducted fbr· moOel U coneSpQQdt.ng to ~t o!zcs ~ !/D • 0.2!;>1 

0 .• 5., -~. 1.0. ~,. tor t?lO tln'GO ~t td1AO ~doi1e4 .for 

~ ll, ot &A*/Ac \IOrSWI & ~ ~~ 1c ~ 14 ~ t11.~ 

or If• all4 lie wnun l iae p.._,~d ill r~ i,. Var au tho 

~ cat~~ ~Uo:i ~ 1t¥.m1n.1r t:) turb-Jlent t10tt ¥®· 

an~ to oce-~ et ~io =.tat GtA~ ti"~ l/D • 1.0. P1£oi.n'OC 14 

~ 1' ~ the th.~11.o~nsion@l effects near tl1e leadS.as ~ oz 
the model to be o1gnif1cellt but vJ.thtn tbe eio~ of tllO present 
mt.bod ._ ~ at t.lla e:d.cl atz.t.Uon v.e:e clecent etQt1=s ~ 

the tb?eo casca conat.SO:ed. coUlei&:t. As the o:d\ \'a1ueo ot sA*IAc1 
Me, tD1 .ftc. m.,,. 1.ndc~&nt ot_ ~ oim• .o.1'Jl thus oleo tbe m.11a. 
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oz me<ie"ts I,. ??1 III, crA XV ~ 1/D • l .O. 

Plots or aA*IA:s "'4t?rcua l for n.od.el.c I, nx, c..nd rv a..~ 
preee~tv~ 1n fic;'..\l't! 16 &rA plots o:r l.fe e.nd Mc wre'.as i tor 

~'Xtol~ I, II?, end IV e.!'11 vresentod 1n r~..tt-es 17(c) ~U"A (b). 

Fi&JJ.'G 18 given the co:r~h;~ ot tl'w eacui~~ted. ~l (I through IV) 

e~,J,t . vatues ot 64*/Aa. v1tl1 e,xpetit:ent.ll model exit valueu et eA*/Aa 
obtained in tl10 9• b~ 9•11lcl1 Maeh ntwber 4.06 1.1U:;crsome wtnd. tun..'lel 

ct the ~t1oni.1l Aeronnut1ca and S~ce Adminlstr-o.tion"a Lor.gtey nesea:rch 

Center. 

in ~~s re;.!.on 1e· due to ~'"'4 l.a:rgc c~J\ .... -,ges 1n tr1cUon facto:', ft WT/ 

close t-? ~~ ~~ns ease and. not to ~'io m~t\ c~o :m4 shock .effects 

t.t'1.o friction ealeulat1elll de~ ~n tlle ae·curaey Yttnted 1n ·tbs 

ree;ton ot tbe ir-let '~close to tts le~,.s ~ .. AM1t1onel 

c.ateulet1oa; usir'.g ole:Jent air.cc ot ~4 ol"'d.er oft.~~ (l/D) ot 

t.be 1.nlcta CMSidered Gbowed tm\t the ~"'O\'e conel:u.td.ons must be 

rectnctad. in tlm.t the elerent si• cbocen ntSt be ·small es to tbe 

overall size of the inlet. rte;ure 18 shotla ~"le e-aleule:tod ~ Ill 

and lV e.l';1 t Vtlluos of (al'/ Ao) ext t dirou· bl' i.WCA.tt 10 percent from 

their c:crrespondins expc~n~1ll ''1.luen. AJJ the tl~''lck :>ti'flnath ~ 





~ flU~'lor 1d.ellCS to Cl.."ti:md. h1.U eeep a.p;r;ree1r.t1on to 

end , ~Ji. of tho &tlo.nal ltel'Ol'le.Ut1eo end Spe.ee 

~matration, ~ey Bo·searcb Center, f01' their !Jl11Ul.ucblo, oo·dee 

6ur'lns the ®'~~t. of tho tl1.C""~on caleulllrt1Qn smthod presented 

1D thio paper. ~s ere Al.So extended to ct the 

ts..~e:r P.eoc~h CenteT for her pat!.ent work on the ex=ple model 

frlct.i;on calculations, 

'l"tlO autbOr also 1o indobted to 

Pol1teebn1c Xwst1 t'~te for h.1..$ ln'Valw:Wle sumeet1ono for the beet 

mt.hod ~ PJ!e·scnt1na the pmoent materiel. ~ m."B oleo extenaed 

to tor hte holptul susseGUor.a tor 1m;prov1DS the 

~..ct o: tlle m-~ ... '?li.Scrll)t. 

'Fae auth'Or t.'i.thes to tilar.k hle vu~, ' for her 

l"dllp vtth the pre~"\,,."'1lt1on of the ,f'1t:tl:re.s ttnct tbc :Pt'OOt'.ro·~ 0£ the 

=nuecript,, 1'llit~~o fo1· the t(n.l1ng o: the ~A~s(::ii.11t 1m extended. to 

ot t.'le Lt.r~lcy t'~ae.ss·cll Ccr:r~r ~"Pin:; Se1 ... ~1.ec. 
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A?&~IX A 

IBVELOBBl'l OF~ 

In re1')renco 10. tor l~ tlov and.. reterenee 9 roi· turbU!ent 

t.lcN1 it 1a eh0\,11 that the vnlueB calculated for Cr./cr1 or Ct/Ct1 · 

IU"G totmd to correspond l>oat .to 43t:11r lekert'o rete-nmee ~ratu:re 

method tor lami."\Qr tlow (:et. 10) end Vm'l Dr:len'• 19'4 ~ f0'1: 

turbulent (ref. 9) now ealeulati®O• Bowver> tor: comdatenq aa 

wu ea ~nc:r1 Bd:ert'a :oterence temperature methcid tor lem~ 

flow .a:tl! bis retere~-e ~tm'e method tor turbulent .•tlov (ref. 9) 

are used tn tM.a paper. 

(A-l) 

(A-2) 

~ C7~-,1 ~ues azc ~·• \"a.luea. Bclmrt•a mthod gi."Vea 

c,/c,,1 o Ct/c,1 with c11 eD'l Cp1 betrg tbt awn:.se ~ctton 
~ftcicmta an<'1 Ct cDd Ct1 being the point or local fr1ct.1otl 

eoetticients. 1!bc frlctlcn factcn: ep1 1a &ltlned 48 a f\met:l.on ot 
~ca ~ b~ on x (tbe 41~ ot lemna:r· or turbulent 

i1ov ea ti-. et.\GO ffJ1Jt' be). 1bia is all. t1ce t~~ but in actual 

I.low a p~ca ot the flw at, tho· le~ •4Ge of a flat plate la 

laatnar co tbat to take tbia into account in tlltt turbulent flow n;1on 
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ca ettectl"' 1ensth ze, must· be ttex-1vecl Wi;eh 1n .effect oaua ell tho 

fl.av~ the station 1n question by ~ ia turbulent. "'1!.a 

eftecti 'Wit lre 10 p?Ucticol.17 lq;o:a&ible to COta 117 • 
Von ~·• ~ equation cs stated. tn e~Uon (2t'6), 

paQe ~t'/ 1n xef'erence 11 (tor ~th lm.iinv am turbulent ftova) 11 

43 ( . . . .. · HrJ "n -..+ B+2)9~- 1 . Bm•'.c 

dX dX PlVl2 

dV -•O dX 

(~) 

(.r..6) 

Ut.oins tbO rcr:.&UltinB ~•siotl tor c,.1 it can be chon that c71 ta 

al.co a 1\mctton of ~48 mm'ber 'ba.acd on e1 cm.a. 01 Ls c prope.~ 

o~ tbe atetion 111 <rJe,st1on. 



Befercnco 12 £1 veo ~'le ~roclJ.1on ror the sve:.'1aso ~:d.ble 

~1ctian. ooe:t.t.c1ent, ep1, 1:l turbu.1.ent no--: ca 

(A-8) 

rrta tlds e.~cn1on1 e ~ tor ao1 '~ c,1 ccn be cbt&1Jled 

tor ~t flow. '!he o~t1on fol.' tul1bu.'.leut ~-eactble point 

or local. fr.lets.on~ (re:.~) Gf'tor ret.t.f~ to llilt 1.o, 

Utins tl:o n. mcsiua ~eolao tor ~tm1ble aw~ t.rlctton 

coett1cUmt m» t.'le ~ t..b$.t c11 • ret1 .itl 1omm,- flow, t..~ c~ 

~1ble lo:dn~.:r coef'ticie.nt to. 

(A-10) 

(1~11> 



fJlO ~ d1s~1on la tor p,tato fl.mt but ~· ~ tbct plate 

r.t.ov a:!.sta in ~ du~t until it 1.a ttUed v:t.tb ~ ~' t.~ 

4tacucato=. ~m_:die.1 to duet f'l0tr. ~. t'~w.1ent ~on or cr1 
ttoee not eoine1&11*~th. t-,~ om· ·ueri. in tc•rt'o refo:rMce ~t'ntu.~; 

hot«n.•r1 the e.tttc....~..eo in ~rical w.l~e !c not ot stu~e~. 
Xn rt~ee 6 J. n~ Uan..7 ~l'~ ~"e w~a ~ tenn of ~lfo. 

o~s!~ ftw e~~<:>t41 e~Uon (1•1)1 rmr;t tntepate4 t110 

by Usn7 :ror tbQ 0~1enc1~11 cquat.1..0il !D tor t?lO e...~ctt\~ Jiaeh 

~r c..~ due to trf..ctton in e ~ c..,a duct. Bcm:r•o 
e~ttcn l• 

In J. a. ltJZU7•s xe~ \be f:d.ct1on tact.or ~ 1a ~on cae 
F..n4 t.tvJ bi.·eti.cn he4'~· c1 nntt Cp from. Bubesln • o repos-t ( turbulen\ 

valuec) ml4 tram t1» Slas1ua e~~.icm (1~~ ~ue1) c:e. ~ °"' 
fl• a~ qi• ~ deli.\~ ot C,. and t ore baoed on the 

~t1ou 

(Ai-1,) 



·.· l'e{ ..... "'i ... 

(A-lG) 

~~to ro~:rence ''mi ~csion 1nvo1v1xls total. ~o 

tlat11 tow.i ~~, ,tm4 ettecti• lihcll number 1s ob~ lrllt1 1n 

tbo I¢e·Gent ~r a c~~ ~t1on ~:t-etu:e ecroea tho ~J 

1ayor is mt ucumed. st..Jdl~ to the eqwa.tiona t.rom nf(mmee ' 

(lihtcb. m.1lt tor c~t total te:npCU.'"$~"4-0 ~$ tho ~ ~)I 

.en es;p:ealion ~1VblB total .~ now, totcl mazontum, etlecU• 

1-bch m=her.1 and an e.ttoet:tW: total ~ratw.'1 (cocea. nbout due to 

to~ temperature not 'bc!J:'tG eonetant .ln t1lC ~,. 1~ e-ven. Vben 

the· vcl1 ts ~Uc) is obtatnea .• 

. No(l.+ l ~ 1 He2)1'2 
~~.a. t.a .. . . . . ... . 2 . .. .. .. .. . .. tCMe> 
•totAl 7 (1 + 71\,2) 

~ . ...... t .... ~.·.=.' • ~ + ·~ "'r(Me) J-.. l ... OtotrJl ~ + c A 

(A-17) 



(Jt.21) 
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m'ld;t ~ .. Wbst.1.tuting into tho equation tor tJ/tl1, GiWS 

1+7)1 2 L 
~. "~2':19.~ 

Substitute tbs :eeult1%)£ ~ion ~ -.1;1 b equation (A-2;5o.) 

to obtain 

Jrlst.:ro l .et ves the relationsb1p ot Ac end. At, ea ..U.. cs· other 

e.reaa ot inta:eat. 1\Y' detln1t1oc (m/ad 11 t..'le ·masa now par untt 



e.rea in the ~ .l~r di v1dcd br/ the IWlCfii tlov per unt\ tJ.Te4 1n 

tllO ~ ctream or .co:e now. u 1-1m tl.0tt ~· one aitlms!orwl. e:ld, 

tberetore, tbe b~ ~· hc4 the ~ to1»l pressure co tm co. 

ftov1 tho ~ of core that~ bo re~ to ·~ ~mus 110\f 

tn tM ~ ~r ~ these om'O conM.t1ona wal.d te. 

!i!a ~J l~r la at ~ re4nced totol pre~ due to tri.ction 

locma, tbcrcfore,. 1n or<ler to ~a tl'-4 ~ fl.av ca cnn be ~ b:I' 
t..11ie ebodt area ~ et~, eond1t1ons, aM.tt!onnl erca over e;lC1 ~ 

~ chock ~~ ·sreo. ~ 1.a requlrc4 tmrl this s&UttottAt ~ le 

~ det1mt1on tlm 41s.placo:.ent coa &A*• s~ tbe fl~on ot tto 

~ :taucr ~ can:J.ed wf.Wn tile ~ - Slil [ (ij~ J the 
Cispl~t lU."CQ;. 84• ~ be 

• m . . &A ..... 1 • ...._ 
mi ~ 

SUb:Ct1tut4 ~tt= (A-2:1) 1:r.lto. OQUCtioA (~,.,,) 11.;i ob'".Aln 

(A-28) 



-,l _ 

. (~) 

~-~· ·· ·. · . ·.· .··· · · .• ra._.3...\ .. ,, \. •i ~i) 

(lJh>et~·· .·· · (!!'lU.] . U"~<ch>c . ., ~~tle. ~,,, ftV 
Ji1 ' . £. · l . .· . . . ·.·. • · . -·· .. A. + =-. · I! llU • A.. .. ~ - ..... MW ~ . . . ,tJa_ Ac mu i =i .. 1) mi Ao ·vo a ' . mi tll ''U 
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(A-:51,b) 

Subst1tu.te e<:~tlon (A-;4) into equation (A-32) ctter d11d.Qine 

equation (JI..~) b3' Cptc;: llr> and 1ett1%JS t- • (1 • l)i-P. Equs.Uon (A-}2) 



(r .. l)Z."'.,,l itc fl ~~ 
~ 2 Ao !2 • 1 + . . . . . . . . . . ... . . . . . . . . (A-;6) 
~, ( · a * 1tc)0 • ~) 

l .. ;!· + ~r- + z 2 1. Mc"' 





-''. 
Follc:nd.ns 111 an outline ot .en enci~ •\hod that call. be use4 

ta the ccl.culat.1.oa ·~ ettecti• lbch r:a.dJer loas tbrouSh a ~c 

1n1.et c.t a ~. )tech ~ o~ ll .OS end vi.th va:ll outllneo ca 

prer.rented 1n t1gure 2. 

Outltm or l!etbod. Uee4 for 111.cUon C4lcul.atial8 

1. ~ (h:/A*) (tie• 6) ~ CUMC ·CO?ft~tll to (l.2)en(l 

vhich ls gtvoa later tn W.S appentU.x. A::Jcurm different, \"OlUttG ot l'c 

after area ~· due to &A• (tor ~e, (12)0na • o.04, o.06, o.<ti 
and greater or ar=ller a.a tho ~ ma:t be) ·end obtain As/A* (t'-a. 6) 

t01' He -~ and calculate 

~ ~ ... u~e.. . . . . . . .. . <1 + mc2> + i - '1Mc2 - .A. .. ·· ·· 
.f(Me) - t(l"e) • 1 - ·. - . ' . . . . .. . .. ~- . ~ 

f~fe) . . ... .. t (r. • 1. )Z..·. •.·.· . Mc2 ... -.& • .. &. 'A (l.+*c2)1+ · .· ... · 2 · .. ··• ·· ·.· 
~~ + ,. ; 1 Mc2)Ao 



Co.~, a _g:rapb ct J.\: wnr~ 2'\: cen be&~. 1be 

~a _ (e•/G), (e:P/a), and Ot;./'fJ (t1ss. ;;, 4, attg1 ' ' zespeettwl.1) 

tor tur'bulcnt flow~· dbtdt»d t~ ~ ~ &t/9, &•/a, m.l4 oJa 
ver1JUS D • (lllena am (Me>em • (esf1.m»4 Me's abOw) 1t 1t ta t1le 

til"'Gt ei~ ot ~ ~1 -and D • (n>em and (Mc)ena • (ae~ 

!fc •a above) it it 1s elemento tollow:!ns the t!r~t el.ement. U 1 t; la 

lcminru' flmr, uao (G*/G), (S-/a),. -end Oe./'6 vALuee ~the lSQ.1~ 

·~ COi':OP~ to -tbs£\&~ lfo1 D• 

!\• !J • CODG~~t. 

4. Ciiln.rer>ms.4,end • (4)m,d,erld • e:t"a we1Sbte<l or otb<fr· ~..a or 
obtc=mns t..~ eve~ total Pl'G·a-

&UrO l'CCOWrtJ et a 1ta.t1on (lose 

due to shock.a «'J:i) • 

5· (l\,)ntid,cr~ • [<,>m10.,et11 • (;>ena] • (Me)etd 18 obta1md ~ 
plot cf Mo veraws V~ obtaim4 

1n (1) md (')z14. Cl'elmtd 
~a b1C0 plotti__ 0·\,)em. on 
ett..~ verrt~ i una. re~M-S'li ott 

value ot l\., tr= tl".a center ot 
tlle el~t. 

6. ldentiticat:1on ot the mt.~ ~ tbe en:l ot tho elcnent. 

1 •· In~t or ~nt nuz:ber. 



8.. (L)tALd,e~ * X • (8)m_a.,cnd • 1'110 loest1cm or tbe nd.ttdle mld the· 

end ot the el~ (~·~t tor 

10· 

t11C tnlet total m"ea h:inte-t 

( cor~~~ for each cler:ei.lt) • 

(~p__ .. ~ ... . . - (lo) ..... .,a_Nru-, • tha totaL ~ter ratio ot ~tnie~m.d,end ~· ·~ 
tho ele:r~t maato Md eJld d1 \1.ded 

111 the 1nlet to~ parlm3ter, 
PiDJ.et ( eocstant tor each el emant) • 

• · the· COl"O ?beh ~r ·Wich 1nclwloa 

o...'l.1)- shock loacea (no .tl:i.etion lou 

effect). i,. (Mc.>=.a,em • [Cl.5)cd.djC114 • (Me>end] • (lS>ena 11 o'btdJlcd 

con.-esporAJ.ns to cv~>ena. chosen 

fbr <'>em ~ <•tc> • (l~)mid 
is ob~ tr1 p1ott1Ds (Helena 

~t i (• (S)en4] .end "1c?dlls 

ott tbo ·element mtddle value at 

1-fc· 
14. Qbtdn (!"l/A*)end (t1g. 6) tor (l2)end mid corteQ~ 

(Ae/A•>em (flG. 6) toi" (1,>emt• ~ 



·obta.1.md 1n e s1:tttl -~ =1nner ud.ng (.l2)m.4 ~m (lJ)m.4. 

1,. (no/ai) ..... ·.#".!; """'-... ~, a (ll)_,A - .- " _":_·. 1~ OO'tfS\lnQe\ fr·ctl ftgttt(l a, 
~\Jo,~ ~,~ 

u~ (l,)rd.4,end ~- (') • fJ!1 L"\ °1. 
1G. (a-/s>miu.,erA #(; (l!~>mta.,elXl' (~*/3)m14,end • (lec)mifl,endl 

r.lnd (oJa) • (lCblm.t<t,e:lil (~-e ob~ fi"oc tig'lll~ '' 4, vlld '' 

.resl)ecti"Wll3, uoiri-...s (1'>ma,ez4 anet cu>laie.,cna.* 

(~(~)~ . 
11• ~dt®d A (l1)Jd.a.,c:d ta ...., .••• ~--.o •• .. I -~•WH,·•• -'"'* 

· r!l)_ ~.W .. _--~. ' .. ···. __ .... . ~b A~)\._ Ao J~'J.nll:t 

(14>_.·., 1 . . · _,.._(9)..... _ .. ti.ra~ 
UL..u,ei~ ~~,e .. ~ P1n:tet 

• . .P ... . tt " . .t• ·. ti l t'T .- .'.in ·1 _ l :• •• --• H 1 . . ·:1 ~-2 '1ilts• "it ., ii 

(16)m!d,ena(l + (l4)mld,ena> (lOlw.c.~em 

19· (CF/CF1)en4 • (19)em • :lt 1:s asGUmed to be the awraso Vl1'.J.ue 

tor tho \dlole element ~n obtaimd (f'l'"O'IU fig. 91 11' tut1bulent or 

fig. 10 1f l.mnL1lt"'..r) ·uc1r6· (lfc)mid. o (l')m.1.d' t;tti • (3) tllld if turbulent 

(Ba)end • (lS)end.• Tl» (C,/CF1) o~~ is reallt en c\'eraso V'~ue 

or Cp/CF1 relati\~ to the variation of }Jc, ~~tho element. 



a. c,1 •(a) - ts obtd.neu ~ t.1gw.-o u 001'1."es--~ to 

~31) • (20)entt GDd wt.other ~ tl.Qf; ls lsJ.na.r or t-Jrtralent. 

Cp 
22. (e) Cp • Cp1· ~~. • (21)(19)em 

VR'1 

(b) - - - - • . • ·• • - - • • ... 

( e) (M)ena • (l~)cn1 

(d) (a!e)A • [Mtniet ... (M)en11] • [t~t • (l2)eW.] 1dmv· 

~t 11 the inlet lbcb ntd)8?'• 

a,. Cl\t,1)m1d • (a'>m.4 • a•r-40 otfr:etJ.w J.beb tttd.lcr 

(ife,l)m.td. (~)mid .. (5lm.4• 

[ 
(13)--14 ,_ .... . • . (a,_· .. >.·-.. ~ .. 

2 ...... .. A (~. -· _.· .. ·) .. ~. t • (24) • l + (llf.)_. 41 ... ·. · .•. . · ·~·- • · •>Ui.u. ~ or 
. rn J (a')m.4 ' + (l))L.4 

·1'be m.&ne wit.ms ~ uocd 111 -~ to ®td.n en a•r~ t !br 

tho Whole el.e:ent, as tb18 t ls to bo U®4 tu the ~1onal 

calcul.c,tiOD ~ tlfe ~ to tnets.on .• 

~. <afe>t • (~) • wdns (24) ~"'xl (2'>mta tbo {a-Je)f 1& oottdne4 

~ -~ lZ or 19' ~ on \Jbetber tho in~t.ed (1/D) lenatb 

ot ·tbo el~ s.8 0 .. 2', o.:;, er l.O. i'bese curves are cbt:'..tined 
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a:>. (i\,.e>em • (e6)ena • [~et • (25) • (22>] or 
• [~t • (a\,)t • CAf&e>A] 

:a. Plot l\::,2 • (~6)etld on n. ~ \t:r~ ~1e Mc e~ 1n 

loto; ~t t..'1o ·~until a CUI*VO ot (l,)0na. • (Me)0114 
eao.ced ve%'SUS Zfe,2 • (26)Ql'ld 10 ~- 1'.le p:>int og 

~on o~ t.ble ~~ ond tho CU1"\1l of no. 1 elves 
the f!.nal (Mc)O!l4 ana. (lfo,,e) ·~ ·co...~ tI» 

. Gt..4 /Ao to:: the ~. Foi- &,\*/Ao can be ~culntcd 

tu the ~ mnrrM • (l) UC1nS (la)0 oa ~ tte f1M1 

(Mc)clltl• 

ObWn (f;,Ve/Pt;JAo)erJIJ. tma ?V/POfJO "" !f1[!) ~ 
Jt/'lo Of (27). 

~a~"lt ot frMs1t1on 

a9· .Asaum (I~)tu:rb· · • (1~·>1 ••. • (.29)3 • ftall. Hc,a .ct(~ 

!lO- Ct\teulato a ·CUtW ot .lfc. "~ I\, 1n the GQtll ~" 

c.a (1) · ud:Dg the I tor the cta:t1on of (itc>1:a. to obtcin (&•/G) • 

~· Erlter tbe c.~ ct I>\: ,Vl.GJJG i~ obtoiD)d .tor {3o) vitb 

(~) enit • 111Jt2 ·~'rid. obtab (l4c}turb. ·Gild • (!U.)ena, • 
,~. Cat.cuJ.ete (&1t../Ae)ev1J. • ('2>ena. In tllO ecae. a~ ca (l) 

u~ (la)ena. ·end 1~0• end• Cl>cnll• 



~~a FdUavJ.ng t-~ n::.i:st Ele::lCllt or 1n ~~, 

the tf"21 m~ tor a > l 
CvJ.cul.attono lb., (l) ~"tl.~ieh no. (18) ~c un~d. 

19. (Crfct1>m,4 • (1'>m.a. - (Ct/cts}d.d 1G obtattled b:t pidthls 
oft c ,~.of Ct/Ctt• ~,~to (lli'1)i:d.4 • (l.S>=ta. mJ.d 

CMclmd • (l,)a1Ji c..'1d ~1 ·• (;;), ~· fiSUl'C 9 1Jilicn to the tm:b"~ 

flow pt.oft ot (Ct/ct1) ·or ~_, 10 ~ to (Me)mt4 • (lS)1114 

o.m. ~1 • (3) 1t St la l~ flov. 1'lia 1• mall.7 en eW%'cee '\.ill.UC 

ot · Ct/Ct1 i~• to tbe \m-'.lt.tion of Sc .ent\. ltJ ~ the 

ele=nt. 

l\ts.4 . .·. .· .·· . . .. ' 
(no1)m14 • ci/Cfi • (18)144/(19)a1.d • (OO)m.t.d 

a. Ct1 • (t~l)m.a, • obtas.m4 O:<l! tho po~.t '~ue curve (ns. 11) 

ot C:t1 \-OreuD (B9')a14 • (~)td4 .fol,. ltmdnna~ or turbulent flov ea 

a. ccso ccu be. ~ po1nt ~ue ot the ~ble, trtcticn 

tcctor ta ·CG~ to be equal to 'tio'- a~eo: s..~~mble 'Wlue ot 

the tnetion 1'~ tor tbe ele:ent be~ tt ·w.as eholOA eor.ro=~ 

to a~~ Oletl)nt ~. 
Cl . . . . 

22. (a) Cr• C'ti Ct1 A (19)m.4Cm.>m.a • (22G);m14• ·~ ~sstble 

~....nt frletioo !Q.ctar is ~4 to be ·~ to the. ~Nt'blo evoreee 

frl.ct1oc zaetor ot the e~t be~ a.w~ ~ ~s ti'el'e UGC4 

ln tta ®te~uon. 



~ total ~ l .01a throUGb a Shoe.'(. is l.ess as the VA«lch ll'W1tber 

beeomea lee& end tlle 'Val.US obtcdMd fu1: (221>).,. does riot tcll;e 

thio 1nto account. ·!J.'he matboQ. or obtc!n1nS (22b)ef ~- the 

t:ree•streaa shock loss all ceroao the d.uct1 and thotttore, tekee into 

acccr'1tlt1 to .~ extent, t.lte m~tutt loss 1n ·the ~ lqer ®a to 

shock ~-lqer lntera.cti,on. 

Cc> CUeA)T • (22c)0f .. 10 ~ 1'l'CD a curw ~ pV/f>080 

vereua M r~ fi'm ()V/PrPQ • ~~) ~ (22b)'if Mi 

tbio. Wl.ue OS: I',. also 1ncludea tJlO mhxk bo~-l~ 1ntierect1on 

l0$SCS pointed out in(~). 

(a) (~) • <a·\1) Ju .. [<11e> cm • ~em] • [(29) a .. (22-c)j 
.. · (11-l) H (Ii-1) B ~ 



where t ta the e\wap ettoetive tri.ction fa,ctor fer ~ entlJ:e. 

cl~ • 

. 2'. <at-.>t • (~) • <ai•>r ts ~4 trca ~ 12 or 1, 
wW:1e (24) etXi (2,>m.ia m:ia cbooa~ tbe n.su..-e to use u to the mze 
ct elatD11t ch00en1 that 10, whether l/l> ta cboeen to bo 0.25, o.,, 
or 1.0. 

Ca1culat1on.G 21 ~ 29 hold nlo:>g t-1.th the. JXJtc lr~ ~ 

17 ·end. l.8 •· 



TABLE 1 

. ATo Calculations are for T0 = l00°F or 56° R, H0 = 220 psi, ~ = 0.0833, 
Po 

and (m/A ) = 0 .0512. Transition was assumed to occur at 
Poao inlet 

(i) = 1.0 ~or all models except model I. 

MODEL I 

z (inches) Element no. Av. shock "M" 

Mid. Beg. End For ~) = 1.0 Beg. Mid. End 

0 1.88 3.475 1 4.o6 3.68 3.288 

3.475 0 4.011 Part element 3.288 ---- 3.098 

N ~~ 
(fJend (#Jend Mid. End Mid. End 

Laminar Laminar 0.782 0.8565 0.764 0.572 

Laminar Laminar .758 .8123 .528 .504 



TABLE 1.- Continued 

MODEL II 

7, (inches) Element no. Av. shock "M" 

Beg. Mid. End For (t) = 0.25 Beg. Mid. End 

0 0.5575 0.970 1 4.06 4.015 3.980 

.970 i.450 1.93 2 3.980 3.939 3.896 

1.93 2.385 2.84 3 . 3 .896 3.8525 3.812 

2.84 3.284 3.73 4 3.812 3.770 3.727 

3.73 4.085 4.44 5 3.727 3.690 3.652 

4.44 4.890 5.34 6 3.652 3.6025 3.551 

5.34 5.73 6.12 7 3.551 3.501 3.452 

6.12 6.48 6.84 8 3.452 3.401 3.351 

6.84 7.19 7.54 9 3.351 3.301 3.248 

7.54 7.865 8.19 10 3.~48 3.198 3.144 

8.19 8.344 8.498 Part element 3.144 3.123 3.099 



TABLE 1.- Continued 

Model II - Continued 

N 

~)end (I;) end 
~~ Element no. 

Mid. End Mid. . End 

1 Laminar Laminar 0.970 0.990 0.962 0.939 

2 Laminar Laminar ~940 .982 .906 .878 

3 Laminar Laminar .910 .973 .847 .820 

4 Laminar 7.5 .883 .969 .790 .7621 

5 7.25 7.0 .859 . . 960 .738 .7109 

6 6.75 6.5 .833 .955 .684 .658 

7 6.25 6.o .811 .948 .630 .6064 

8 5.75 5.5 .788 .. 9415 .580 .5549 

9 ' 5.25 5 .766 .935 .531 .5097 

10 5 5 .746 .931 .488 .461 

Part element ---- 5 .736 .929 .450 .443 
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! ; TABLE.1.- Continued 

MODEL III 

7, (inches) Element no. Av. shock "M" 

Beg. Mid. End For GD = 1.0 Beg. · Mid. End 

0 1.75 3.41 1 4.06 3.975 3.883 

3.41 5.01 6.61 2 3.883 3.789 3.686 

6.61 8~17 9.66 3 3.686 3.582 3.470 

9.66 11.07 12.39 4 ,3 .470 3.345 3.215 

0 0 12.649 Part element ----- ----- 3.190 

N 

(~Ld (~Ld ~~ 
Mid. End Mid. ' End 

Laminar Laminar 0.933 0.995 0.927 0.857 

8.o 7.5 .870 .987 . 789 . 721 

7.0 6.5 .809 .978 .654 .590 

6.o 5.5 .752 .970 .529 .473 

0 5.5 .749 .969 ----- .462 



TABLE 1.- Concluded 

MODEL IV 

i (inches) Element no. Av. shock "M" 

Beg. Mid. End For (i) = 1.0 Beg. Mid. End 

0 1.95 3.85 1 4.o6 3.99 3.930 

3.85 5. 70' 7.50 2 3.930 3.820 3.788 ' 

7.50 9.23 10.90 3 3.788 3.710 3.620 

10.90 12.45 13.87 4 3.620 3.550 3.468 

13.87 15.26 16.58 5 3.468 3.350 3.271 

----- ----- 17.07 Part element ----- ----- 3.238 

N 

(/~)end (~Ld UiJ 
Mid. End Mid. End 

Laminar Laminar 0.947 0.9975 0.945 0.983 

8.o 7.5 .900 .9930 .837 .784 

7.0 6.5 .8575 .990 .732 .676 

6.o 5.5 .817 .989 .635 .588 

5.0 5.0 .780 .983 .539 .492 

--- 5.0 .775 .982 ----- .478 



Flow 
I 

· rrz zA7j77ozztd 
1\i Width 

.-.---- A Width ··-----"I!'""! s 

* 5A = area o~ strip all 
around duct 

~l = area of strip all 
around duct 

Enlargement of section AA 

Figure 1,- Relative relationship of flow area parameters. 
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( 6e*) Figure 3. - Adiabatic wall values of shape factor 
and turbulent flow. 
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