


., I-,' , ,{ ,. 

i _I!,,' 1 - ;V 

b y 

Ibt~r,nlJo, tvl. lit. A. SHABAJ\.A 
B. Sc.(lilOich. Eng.) Rrms. 

(Cairo Universj.ty) 

•·rhesis subrui tted in sccordance to th<il 
of Ain Shams Universi~y for tho d~greQ 
Science in Mechanical Engineering'. 

requirements 
of loll!> s t 'ir of 

Supervised by: 

t-rof. A.A.RIZK Dr. ru.R.A.ShAALAN 

Prof h~; .3 rl"t'", 
Faclll~y of 

Ain Shams 

Jiiach. Dept., 
Engineering, 

Dni v <':r s j '':/ 

Lecturer, Mach. Dept., 
1'' acul t;r of Engin•Hlr'ing, 

Ain ShRms TJniversi ty 

l~tecLAnJ ~~~1 1-~nginePr>l'.lg De~~artmen:; 

J.i'ac~~J:.y of' I~nginear:l.:··l~; 

A).n .. ;t·,ams Uni v at•si t;r 





Examinars: 

l'. ..... - - .. ~ ·, 
,t:~,:_, '-I 

(r=-:- ;:.__ .il. ;;__! L.. J 

.. S'_ • .)r. .4:>... .4:>... r _,.ro ly. I U" ~T" 

( urJ I ~ _,. ) ~ (f...ll ;...~yJ IV'>'~ b:: 
~_,Alii I 4.4-- ;...~! ~ 

u !. J.> ,.u 
;; }. : ~ I ;;..... ~yll ,.) .r. ' ~ W I :L..:;-.; J 

' 1 v r = = 

== ~ =-=~ == 



of iJ!b:::ter O
.p 
" Scio:ncc in t~1B of EngineerinG of 

Ain Shams University. 

The nork closcrijed in this t-1esis was carried 

out, unless other,7ise indicated, by the author in the 

Department of Mecc1anical E:1gineering, Faculty of En-

gina e ri.ng, 1~. in L~_lo.ms ::J::..1i·ve::sity and the Scientific 

ComputRtic.:-·_;_ Centre of Cairo TJ~:-1iversity from Octub~r, 

1969 to May, 197~. 

No part of this thesis has been ""'-i)::lit+;eu_ fo:c: 

a det;ree at any other university. 

I. M.H. Shabaka 

June, 1973. 



ii. R. 1 .. Shaalan, of the llcchanica.l TI:nc;incorin~ D8l>crt-

mont, Faculty of r.ncincerinc, l..in Sl::::o.s University, for 

their euiclanco and constant oncouro.gcnent throughout • 

• aso, tl1eir criticism and follovJ up lJCre felt essential 

in the preparo.tion of this thesis. 

Grateful acl:no\Jloclc;euent is duo to Professor J .H. 

Eorlocl..:~, Vice-Cho.nccllor of the University of Salford, 

llonshester, :.:;ngland, for the provision of published ma-

tcrial on the subj oct of the present \;ork o.nd also :Lur 

his invallwble advice during the course of this project. 

Tha11l;:s are clue to tl1e tech.l-:tical staff of the i.ir 

Concli tioning nncl Heat :tmr;ineerinr; Laborato:i'ies in the 

liechanical Sncineorinc De:>artl:1Cnt, Faculty of :Jngince-

ring, !.in Sho.tlS University, for t:1cir assistance in the 

preparation of the test apparatus. 

~he author \IOulct like to thank the technical staff 

~ At present, Professor of ::.::,~;incorinr; and Di_rQctor or 
tho ~ . .R. C. T·1J. ... bor.1o.chincry laboratory, Co.ml.J:.cidgc U:L1i ,_. 
varsity, E~gl~nd. 



Thanks arc duo to lir. l~ruadouh ~·· .. ., :Ll-Sn.id :or his 

o::cellcnt uorl: in ty~Jine; the r:anuscript. 

Fin~lly, the author uis:1ca to c:;:prcss his sinccro 

thanks to his D&rents uhcse pc..ticncc o.nc1 continuj_nr; cnccu·­

rnscnent cons ti tutc<l a r:::J.j or source of ins1;ira tion for h:l.m 

<lurinG the ,;;1olo llc.d_od of study, 

_ooo_ 



Thic cl:i_;3scrtation .sets OLlt -t;o inve:;tir;ato the :tJC.i'for-

r.1nnco of c:n annulc.r cliifuscr of cyl:i ndricc.l centro body 

(:mb) nnd conicnl casing, in conditions of SiTirling flo1:.r 

over a rnngc of Reynolds n=bcr. The cone angle of the 

casing is 15° and 'Ghc overnll area ratio is 7 .13. 

For the i)Urpose of the :::.resent uorlc n !'"~l)Ccial tost 

rig 1:1o.s constructed, co!:sir;tinG of c.n D.l1.nulnJ:" diffuser, 

a fc:,n, am1. a Si·Tirl gcncro.tor, The rig \las also provided 

uith cuitE!.blo instrt.rr.1cnto.·l.;ionCI 7ha vo.luc of Tioynolc:'..s 

the diffuser by r.:cans of n but·i;crfly vnlvc at :::·o_::, L~ischet-

reo. The c:cc;roc of s1:1irl 11o.s c01:1trollcd b:,r :.Jco..t1s of a 

Sj.)OCi2.1 r.Jcc~1o.nisr.l connoctocl !;ynci!ronously to the m1irl 

vanes, 

Tests uc:-:.:·o co.ri·iod out on the above diffuser nt v2riou.~· 

c1c[;l"Ccs of suirl. In co.ch tcs ~, tho flou :.rws Burvoyccl ett 

records of stutic ~Jrossure, tot~.l pi·osst1.rc, L'.nd -:{o.-\r anr:lc 



ViOUl' oi' t (lC C b:;cr~.r~~;c~ ) ()l"'fOJ.\.':.L-'.J:iCC 'rJ.S :J.lSO in t;,"}I')rctcd 

in til8 li~ht of tlv~ (c·;_,o_"ilcc~ ~)icturc of t:1c flou t:1nt 

VIaS obtained fror.~ no~sur'e-r.1onts G 

Tho non-viscous flo\! t2.rour:;h i:hc clii'fuscr passage 

\I:J.S calculated u:::;ing ·~he stroar.1linc-curvaturc ai;proach. 

llCSults of this calculation \lore C::.isplayod in the form 

of noridional :::;troar.1linos and axinl voloci ty profiles. 

L.lso, the boundary l.:::.ycr <.:ovo1opucnt on tho diffuser vrc-

11::; uas computed and tho :lrcdictoC: onset of scpnrc>.tion 

uo.s conparod ltith ob::crvntions, 

Results of ti1o ~lrcsent invostigntion indicntc thnt: 

(1) In goncrnl, thoro Js n >::1arl<:od' effect of S\Jirl '""' 

the overall pcrfornc...ncc of tho nru1nlc:..L· c"..l~~~·.;:.::G:::c. I:1. 

particular the perforr.1nnco appears to i·. :)rove for 

C:ccrcos of ::>\lir1 bclou 20 but clcteriorntcs 

thereafter. 

(ii) There is u di.scinct effect of ::n·Jir1 on the onset of 

bOUc"ldary layer ::;epa:t"2.tion from cciffusor 1;1c.l1s. : .. t 

no Cllirl, ccpnration tal-co::; )lGcc on the c0.sinc • .:·~t 

lo·u ancl mol:.crato suirls 11 ::;cp;::.ro.tion ::;tnrts 0!1. tho 

hub t:1cn on ·:.:he casing. l.t hiGh SHirlc, .scpo.rat:i.Ol1 

i~.; ::;till on the lmb but see::1r; to cj so.ppca2" fro:.1 
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c 

c fs 

E 

F 

H 0 ·~~ ;.. 'i' I 0 ?1 

acoustic velocity. 

aJ?ca , or 

function of b ] (.Snn fJhRptOl" )) • 

cone to.nt in the lo.•,J of the \/all. 

velocity, 

specific hcc.t c.t constc.nt ~Jressure. 

specific heat at consto.nt voluoo. 

strcro:nTiSG COl:Jponent of uo.ll sheo.r stress 

coefficient = 'C\TS/ ~ 5' u2 

~ressure recovery coefficient, 

ideal prcssnre recovery coefficient. 

diane tel·, 

non-ditlensional rate of entrainnen'c. 

function of S , ~ w , E.\-T (soc C.h:,;Jtor 5). 

G1 , G2 l •• etc. Functions of 'IT, lc ( see ;.,pcnclix D). 

G~, G~~.etc. = dG1/dTr 1 dGz'd'Ir, ... ctc,(sco .~;1pendix D). 

h
0 

s to.cnn tion c:1ti1nipy, 

H bounC.nry· layer shape factor ::: "":f. I 9 (sec c:1<::'Jcc~· ;i). 
C"' S GS .~ 

sho.pe factor = ( S -· [.~ /IJ r~.' s 50 \ ..,}!._, .__. 

Ci1o.pter 5). 

l;: Vo~l. Ko..rr.1c.n con~> tan t ~ 

convcrgonco or eli vci·Gcl'lCC; of str;:;x.!lil;.cs ett c·dfi..; 

of bow1G.ary lc.ycr (Eq_~ 5.l0ob), 



,c i.~or conrlj_ tj_on. \:i t.h no svri:;._"l .. 

old for olcl "'/,':".lt18.'.J befor-e i -::.cr.::.t:i.on. 

r for ti1G ' • 1 re>.u.lc. ...... clircction. 

ref. for rGferonco vo.luos. 

s for the stroD.tnri~c dircctior'. 

X for the ~io.l direction. 

y for the circucfcrcntial direction, 

w for wall conditions. 

Superscripts : 

non-diLJcnsional, or 

"-ver2.ge vo.luc (!~;_J)emli:x: B). 

differentiated value. 

• title rate • 

Abbrevictions: 

AR aren ratio. 

'~i1r o.rea rctio of lio:cdJ.ey' s diffuser (=4-.61) (Ref. (16)). 

D.3. Differc~1ti.:...l ~r:_uo.tion. 

Jq. Zqu~tion. 

R neynolds nllr:lbe~'.:::: Cxi (ZC.Yj) 
c v 



J..DS. 

D3TA 

CF 

C03F. 

CP 

CPl 

C?2 

CP3 

CTH 

ex 
cxo 

CURV ..1\Tl 

Dl;.LPILl 

DCX 

D3G. 

DPIII/DTI 

DR 

absolute v:aluc 

angle 

angle 

cfs 
coefficient, 

cP 

c 
Puass 

en 
- aroo. 

( Eq.; •• l~ 

( '"q '· 2) ~ • .LI.• 

CP . (I;o .;. • 3) 
S'\-J1rl, f.1aGS ... 

c;r 

ex 

c 
Xi 

rci/R 

d cl /or 

OCx I ex 
det;rcc 

6 
a 0 /ar 

~ trcnnlina slli:::'t (r
1
, - r 01d) 
.:..0'\rl 



SFl 

EF2 

3F3 

ZPSILO 

F 

FI 

GH 

GS 

H 

ID 

IS 

K 

KK 

KH 

KP/112 

LLL 

N 

l" 

Pili 

PI 

POS. 

PlillSS, 

'? 
' 

= '? CD I c 
L D. ass r)l mass 

C C"- ="? 
P urea./ p i. area 

C !nrirl, arca/Cpi. == f . 
1 p S\·T~r ;. area 

tnn c1. ,or [ J em 
r 

cos tll .... f ( L-,,1 '} 

}I•' dr 
0 

: mass flovr rate included ~ htili to(r). 

l £II 
u dn 

l @ 
u ds 

H 

control variable 

control variable 

no. of the mumlus 

control varic.ble 

irumbor of tho re1dial cD.lculating plano 

li 

p 

liJ 

posi tione. 



P 'iOT;.L 

n:;:cov. 

RHO 

no 
l1Tl 

R2 

J?GT. 

U/UU 

vr.:r.. 
V/U 

V/UU 

lo~ 

z 

recovery 

T or t 

tang en tiel 

Qs s 'i) 

G ::: j(t-~) ~j(tr ~ )dz/ ,u./sy,•u'lt:fri'-- cleft""'''"''· 
zx ~ 

u/U 

velocity 

v/u 

v/U 

z 

List of subroutincr.: 

I<'q£,c tion 

Integration and averaging precess. 

DATSH Smonthing of CD.ta. 

D3RIV Computation of l~s. & Fs .. (Eq.5.9). 

DYDDX Forowtion o~ D.~.(5.1), 




