
N ? ' l m 3 5 4 0 4  
NASA CR- 120783 

PROPOSED DES I G l  BPERIMENTAL PaFORNPSCE 

E SWRT 7WO DIMDBIONAL URVED WALL DIFFUSERS 

lTILIZI!1b SUCTIorl sm 

I ,  , I  

;! ,1 

'I.,' I 

https://ntrs.nasa.gov/search.jsp?R=19710025928 2020-03-11T22:26:34+00:00Z



CR 120783 I 
4. Title and Subtitle 5. Report Date 

PROPOSED DESIGN AND EXPERIMENTAL PERFORMANCE OF SHORT TWO 
DIMENSIONAL CURVED WALL DIFFUSERS UTILIZING SUCTION SLOTS 

I 

7. Author(s) 8. Performing Organization Report No. 

Tah- teh Yang and W i l l i a m  G. Hudson I 
, 10. Work Unit No. 

9. Performing Organization Name and Address 

Mechanical  Eng ineer ing  Department 11. Contract or Grant No. 
Clemson U n i v e r s i t y  
Clemson, South C a r o l i n a  NAS7-17486 

13. Type of Report and Period Covered 

2. Sponsoring Agency Name and Address C o n t r a c t o r  Repor t  

N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  14. Sponsoring Agency Code 
Washington, D.C. 20546 

I 
5. Supplementary Notes 

P r o j e c t  Manager, A l b e r t  J .  Juhasz 
A i r  B r e a t h i n g  Engines D i v i s i o n ,  NASA Lewis Research Center  
Cleveland.  Ohio 

6. Abstract 

The f e a s i b i l i t y  o f  d e s i g n i n g  s h o r t  two-dimensional  d i f f u s e r s  u t i l i z i n g  s u c t i o n  t h r o u g h  one 

o r  more s l o t s  i n  t h e  d i f f u s e r  w a l l s  was i n v e s t i g a t e d .  Two w a l l  c o n t o u r  des igns  were examined 

i n  s e v e r a l  d i f f u s e r s  w i t h  a r e a  r a t i o s  o f  2, 2.5, 3, and 4. For  t h e  f i r s t  d e s i g n  a  w a l l  s u r f a c e  

v e l o c i t y  d i s t r i b u t i o n  w i t h  a l l  o f  t h e  d e c e l e r a t i o n  o c c u r r i n g  i n  a c o n c e n t r a t e d  r e g i o n  was p re -  

s c r i b e d .  Based on  t h i s  d i s t r i b u t i o n  a  w a l l  c o n t o u r  was computed u s i n g  an i d e a l  f l o w  computer p r o -  

gram. A  s u c t i o n  s l o t  was added i n  t h e  r e g i o n  o f  d e c e l e r a t i o n  t o  p r e v e n t  f l o w  s e p a r a t i o n  under r e a l  

f l o w  c o n d i t i o n s .  Uni form e x i t  v e l o c i t y  d i s t r i b u t i o n  and a  d i f f u s e r  e f f e c t i v e n e s s  o f  98% were 

ach ieved  a l t h o u g h  o n l y  a t  s u c t i o n  r a t e s  r a n g i n g  f r o m  12% t o  45% o f  t h e  i n l e t  f l o w .  The second 

d e s i g n  had c o n t o u r  w a l l *  o f  c i r c u l a r  a r c  c r o s s  s e c t i o n .  For  t h i s  d e s i g n  t h e  d i f f u s e r  e f f e c t i v e n e s s  

f o r  an a rea  r a t i o  o f  2,5 inc reased  c o n t i n u o u s l y  f r o m  30% t o  85% as t h e  s u c t i o n  r a t e  was inc reased  

f rom 0% t o  10%. For  an a rea  r a t i o  o f  4, t h e  h i g h e s t  e f f e c t i v e n e s s  a t t a i n e d  w i t h  t h e  c i r c u l a r  a r c  

d e s i g n  was 72.5%. 

7. Key Words (Suggested by Author(s)) 18. Distribution Statement 
Curved w a l l  d i f f u s e r  
S u c t i o n  s l o t s  U n c l a s s i f i e d -  u n l i m i t e d  
Boundary l a y e r  c o n t r o l  
D i f f u s e r  d e s i g n  

I 
9. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Pricef 

U n c l a s s i f i e d  U n c l a s s i f i e d  74 $ 3.00 

' For sale by the National Technical  Information Service, Springfield, Vi rg in ia 22151 



FOREWORD 

The research described herein,  which was conducted by the  Mechanical 

Engineering Department o f  Clemson Un ive rs i t y ,  was performed under NASA 

Contract NAS3- 13486. P ro jec t  Managers were D r .  W i  1 1  iam H. Roudebush and 

M r .  A l b e r t  Juhasz o f  the  A i rb rea th ing  Engines D iv i s ion ,  NASA-Lewis Research 

Center. 



TABLE OF CONTENTS 

S e c t  ion 

FOREWORD 

TABLE OF CONTENTS 

ABSTRACT 

SUMMARY 

I INTRODUCTION 

1 . 1  BACKGROUND 

1.2  OBJECTIVE 

1.3 SCOPE 

I I SYMBOLS 

I l l  ANALYSIS AND DESIGN 

3.1 CONCEPTUAL DES l GN 

3.2 GRlFFlTH DIFFUSER 

3.3 COMPUTER DESIGN PROGRAM 

3.4 COMPUTER ANALYS l S PROGRAM 

3.5 CIRCULAR ARC DIFFUSER 

I V APPARATUS AND INSTRUMENTATION 

4.1 TEST FACILITY 

4.2 GRlFFlTH DIFFUSER GEOMETRY 

4.3 CIRCULAR ARC DIFFUSER GEOMETRY 

4.4 INSTRUMENTATION AND MEASUREMENTS 

V TEST CONDITIONS AND PROCEDURES 

5.1 TEST CONDITIONS 

5 .2  TEST PROCEDURE 

Page 

i i i  

I v 

v i 

1 

2 

2 

4 

4 

5 

7 

7 

8 

10 

12 

14 

16 

16 

17 

22 

2 5 

2 8 

2 8 

30 



S e c t  ion 

V I D I S C U S S I O N  OF RESULTS 

6 . 1  G R l F F l T H  D I F F U S E R  (FIRST D E S I G N )  

6 . 2  GR l F F  l TH D l FFUSER (SECOND DES I GN) 

6.3 CIRCULAR ARC DIFFUSER 

6 . 3 . 1  S INGLE-SLOT D l F F U S E R  

6 . 3 . 2  DOUBLE-SLOT DIFFUSER 

6 . 3 . 3  CIRCULAR ARC DIFFUSER SUMMARY 

V I  I CONCLUS l ONS 

7 . 1  G R l F F l T H  D I F F U S E R  

7 . 2  CIRCULAR ARC DIFFUSER 

V I  I I REFERENCES 

APPENDIX - P R E L I M I N A R Y  PERFORMANCE TESTS 
ON CIRCULAR ARC DIFFUSERS 

D I S T R I B U T I O N  L I S T  

Page 

3 3 

3 3 

3 3 

4 8 

4 8 

56 

58 

6 2 

6 2 

6 3 

6 5 

6 6 



ABSTRACT 

The f e a s i b i l i t y  o f  des ign ing  s h o r t  two-dimensional d i f f u s e r s  u t i l i z i n g  

s u c t i o n  through one o r  more s l o t s  i n  t he  d i f f u s e r  w a l l s  was i n v e s t i g a t e d .  

Two d i f f u s e r  w a l l  con tour  designs were examined i n  severa l  d i f f u s e r s  w i t h  

area r a t i o s  o f  2, 2.5, 3 and 4 .  For  t he  f i r s t  des ign a d i f f u s e r  w a l l  su r -  

f ace  v e l o c i t y  d i s t r i b u t i o n  w i t h  a l l  o f  t h e  requ i red  d e c e l e r a t i o n  o c c u r r i n g  

i n  a  concentrated reg ion  was p rescr ibed .  Based on t h i s  v e l o c i t y  d i s t r i b u -  

t i o n ,  a  w a l l  con tour  was computed us ing  an i dea l  f l o w  computer program. A 

s u c t i o n  s l o t  was added i n  t h e  reg ion  o f  d e c e l e r a t i o n  t o  p reven t  f l o w  sepa- 

r a t i o n  under r e a l  f l o w  cond i t i ons .  The performance o f  severa l  d i f f u s e r s  

us ing  t h i s  w a l l  con tour  and hav ing area r a t i o s  o f  2, 3 and 4 was eva lua ted  

expe r imen ta l l y  us ing  a i r  a t  near  ambient p ressure  and temperature.  Test  

r e s u l t s  i n d i c a t e  t h a t  t h e  i n v i s c i d  f l o w  theory  used f o r  t he  des ign method 

i s  j u s t i f i a b l e  i f  f l o w  sepa ra t i on  can be prevented by app l y i ng  s u f f i c i e n t  

s l o t  suc t i on .  High d i f f u s e r  e f f e c t i v e n e s s  and un i f o rm  e x i t  v e l o c i t y  d i s -  

t r i b u t i o n  were achieved a l though o n l y  a t  s u c t i o n  r a t e s  severa l  t imes h ighe r  

than t he  des i r ed  upper l i m i t  o f  10 percen t  o f  i n l e t  f l o w .  Lowering t h e  

s u c t i o n  r a t e  caused an abrup t  decrease i n  e f f ec t i veness .  The second design, 

a l s o  t e s t e d  w i t h  and w i t h o u t  s l o t  suc t i on ,  had con tour  w a l l s  o f  c i r c u l a r  

a r c  cross sec t i on .  For t h i s  des ign t he  d i f f u s e r  e f f e c t i v e n e s s  f o r  t he  

optimum area r a t i o  o f  2.5 con t i nuous l y  increased f rom approx imate ly  30 

percen t  t o  85 percen t  as t he  s u c t i o n  was increased from zero t o  t he  upper 

l i m i t  o f  PO percen t  o f  d i f f u s e r  i n l e t  f l ow,  For an area r a t i o  o f  4 ,  the  

h i ghes t  d i f f u s e r  e f fec t i veness  a t t a i n e d  w i t h  t he  c i r c u l a r  a r c  des ign was 

72.5 percent ,  



SUMMARY 

This report presents results of an investigation concerning the design 

and testing of two-dimensional subsonic curved wall short diffusers. Two 

design concepts were studied. The first design was arrived at by prescrib- 

ing the potential flow velocity along the diffuser wall to have a region of 

constant high velocity at the inlet, a region of constant low velocity at 

the exit, and a region of concentrated deceleration connecting the inlet 

and exit regions. Based on this velocity distribution the wall contour was 

computed using a potential flow computer program, A suction slot was added 

at the deceleration zone to prevent flow separation under real flow condi- 

tions. Sidewall suction was applied to maintain two-dimensional flow. A 

diffuser utilizing this concept was fabricated and tested using air at 

ambient conditions. Nearly uniform exit velocity distribution anid 98% 

diffuser effectiveness were achieved. Good correlation was obtained between 

predicted and experimental values of wall pressure distribution and center- 

line air velocity distribution. However, suction rates up to faur times 

that predicted and allowable in practical applications were required to 

achieve these results. Decreasing the suction rate below the required 

values caused an abrupt decrease in effectiveness. Experimental results to 

date indicate that the design of the suction slot is a critical parameter. 

Hence it may be possible to reduce the suction rate by improving the slot 

design. 

The second diffuser investigated had walls of circular arc cross 

section because sf its simplicity. It was found that when operating with 

e x i t  area to inlet area ratio of 2.5 to 1,  diffuser effectiveness was 



improved from approximately 30% to 85% as the slot suction rate was 

increased from 0% to 10%. Although flow separation at some distance down- 

stream of the suction slot occurred to some extent regardless of the suction 

rate applied, the exit plane velocity distribution would be acceptable in 

many applications. The use of one suction slot at 15Oand a second at 50' 

from entrance was attempted for the case of exit area to inlet area ratio 

of 4 to 1 .  Poor performance resulted because of the inflexibility of slot 

locations and the lack of independent slot suction control. 

1 . 1  BACKGROUND 

I n  an internal flow system, a diffuser is a transitional section which 

connects a flow passage having a smaller cross-sectional area to a flow 

passage of larger area. Two characteristics of a diffuser desired in most 

applications are that it: 

( 1 )  provide a nearly uniform velocity distribution for the fluid 

entering the larger passage at the diffuser exit, and 

(2)  transform most of the kinetic energy of the higher velocity 

upstream flow to potential energy in the form of a higher 

static pressure of the downstream flow. A uniform exit 

velocity distribution assures an effective transformation 

of the kinetic energy to static pressure. However, the 

converse i s  not always true. 



A measure o f  t he  performance o f  a  g i v e n  d i f f u s e r  i s  t he  r a t i o  o f  t he  

ac tua l  t o  t h e  i d e a l  increase i n  s t a t i c  pressure o f  t h e  f l u i d  pass ing 

through t he  d i f f u s e r .  Th i s  r a t i o  i s  r e f e r r e d  t o  as t he  d i f f u s e r  e f f e c t i v e -  

ness, T-I. 
Many o f  t he  d i f f u s e r s  now used have s t r a i g h t  w a l l s .  Performance 

improvement dev ices such as vanes, a i r f o i l s ,  o r  v o r t e x  generators  may be 

used. Curved w a l l  d i f f u s e r s  a r e  o c c a s i o n a l l y  used t o  meet c e r t a i n  geomet- 

r i c a l  requirements such as accommodating necessary components o f  t h e  f l o w  

system. On r a r e  occasions t h e  w a l l  con tour  may be designed f o r  aerodynamic 

reasons. An example i s  t he  d i f f u s e r  used i n  t he  wind tunne l  a t  P r i nce ton  

U n i v e r s i t y  ( ~ e f .  1)  which u t i l i z e s  t rapped v o r t i c e s  w i t h  l i m i t e d  success. 

Much o f  t he  research work on d i f f u s e r s  has been done on t h e  s t r a i g h t -  

w a l l  d i f f u s e r .  The s imp le  geometry makes p o s s i b l e  a  sys temat ic  paramet r i c  

s tudy.  Of ten  t he  r e s u l t s  o f  t h i s  research a r e  a s e t  o f  performance maps 

(Ref. 2, 3) which serve as a gu ide  f o r  e s t i m a t i n g  t h e  performance o f  a  

proposed d i f f u s e r  and t o  a n t i c i p a t e  t h e  p o s s i b i l i t y  o f  f l o w  separa t ion .  

Un fo r tuna te ly ,  d i f f u s e r  performance decreases as the  ang le  o f  d i v e r -  

gence increases. I f  space l i m i t a t i o n s  f o r c e  a g i ven  d i f f u s e r  des ign t o  

f a l l  i n  t he  separated f l o w  reg ion  o f  t he  map, t h e  consequences may be p re -  

d i c t e d  b u t  no s o l u t i o n  i s  o f f e r e d .  

Considerable research has a l s o  been done w i t h  performance improving 

devices ( ~ e f .  4 ,  5, 6) which may be used t o  recover  a  h i ghe r  f r a c t i o n  o f  

the  k i n e t i c  energy and t o  reduce t he  reg ion  o f  f l o w  separa t ion .  

I f ,  however, one i s  faced w i t h  requirements which p r o h i b i t  the use o f  

such a u x i l i a r y  dev ices,  the  use of  d i f f u s e r  w a l l  s u c t i o n  has t he  p o t e n t i a l  

f o r  improv ing d i f f u s e r  performance. 



In 1952, L.R. Manoni (Ref. 7) made a detailed study of be1 I-channel 

diffusers employing slot suction for boundary layer control. He used an 

electrical analogy tank to determine the wall geometry and concluded that a 

0 high performance diffuser of area ratio 2 to 1 and 20 equivalent cone 

angle was feasible.  he equivalent cone angle is the included angle of a 

conical diffuser having the same ratios of exit area to inlet area and 

length to inlet diameter as the curved-wall diffuser.) However, a diffuser 

designed by this technique having area ratio of 4.25 to 1 and equivalent 

cone angle of 40' was susceptible to separation and stability problems 

unless operated with extremely high suction rates. 

l .2  OBJECTIVE 

The objective of the research effort described in this report was to 

att~empt a new design approach leading to a short, two-dimensional diffuser 

having unseparated flow and uniform exit velocity distribution. This work 

should lay the foundation for the eventual design of axially symmetrical 

diffusers having the same desi rable characteristics. 

1.3 SCOPE 

In order to achieve the objective, a research program was carried out 

to : 

( 1 )  Use existing analyses and computer programs requi red in the 

design of flow channels with prescribed boundary conditions 

(inlet, exit, and wall velocity distributions). 

(2) Use existing analyses and computer programs for analyzing 

the channel flow field of a known geometry. 



(3) U t i  1 i z e  t he  analyses and programs o f  ( 1 )  and (2) t o  examine 

t he  f o l l o w i n g  concepts:  

(a) a  d i f f u s e r  hav ing  t he  d e c e l e r a t i o n  reg ion  a long  t h e  

w a l l  concen t ra ted  i n  a  narrow zone equipped w i t h  a  

s u c t i o n  s l o t  i n  each w a l l .  

(b) a  d i f f u s e r  hav ing cont inuous d e c e l e r a t i o n  a long  a 

c i r c u l a r  a r c  w a l l ,  a l s o  p rov ided  w i t h  s u c t i o n  

s l o t s .  

(4)  F a b r i c a t e  and t e s t  d i f f u s e r s  hav ing geometr ies r e s u l t i n g  

from the  concepts s t a t e d  i n  (3a) and (3b). Experimental  

t e s t s  inc luded  performance, v e l o c i t y  d i s t r i b u t i o n s ,  and 

pressure d i s t r i b u t i o n s  t o  determine t h e  v a l i d i t y  o f  t he  

c o n f i g u r a t i o n s  designed and t he  accuracy o f  t h e  analyses. 

SECT1 ON I I 

SYMBOLS 

c ross -sec t i ona l  area 

area r a t i o ,  e x i t  area t o  i n l e t  area 

2 v.  - v *  2 
p ressure  c o e f f i c i e n t ,  I 

-, 

i n l e t  h e i g h t  o f  d i f f u s e r  

l o c a l  d i f f u s e r  he igh t  

p ressure  

room atmospheric p ressure  

dynamic p ressure  a t  d i f f u s e r  i n l e t  



pressure loss as a percentage of total inlet pressure 

static pressure at diffuser exit 

static pressure at diffuser inlet 

total pressure at diffuser inlet 

fluid volume flow rate 

Reynolds number, 6 (4 ACS / perimeter) (velocity) fluid kinematic viscosity 1 diffuser 
inlet 

distance from diffuser inlet as measured along the 
curved wa 1 1 

percentage of inlet flow removed through suction slots 
or suction holes 

Slot suction 

sidewall suction as a percentage of inlet flow S.W. suction 

5 P 

V 

spacing between bodies in a cascade 

fluid velocity 

velocity at diffuser inlet 

velocity at diffuser exit 

velocity at location z 

free stream fluid velocity 

diffuser width 

horizontal distance from diffuser sidewall in direction 
normal to sidewall 

vertical distance above diffuser centerline 

horizontal distance from diffuser inlet to a local 
X-Y plane 



P - P 
s,e s , i  d  i f f u s e r  - - 

e f f e c t i v e n e s s  1 - % t o t a l  s u c t i o n  

'd, i 100 
AR 

v e l o c i t y  p o t e n t i a l  

stream f u n c t i o n  

t he  angu la r  d i r e c t i o n  o f  f l o w  o f  v e l o c i t y  V 

SECTION I I I  

ANALYSIS AND DESIGN 

3.1 CONCEPTUAL DESIGN 

There a r e  an i n f i n i t e  number o f  p o s s i b l e  contours  connect ing a  g i ven  

f l o w  passage t o  a  l a r g e r  one. Assoc ia ted w i t h  each geometry, t h e r e  i s  a  

p ressure  d i s t r i b u t i o n  a long  t h e  w a l l  which i s  t h e o r e t i c a l l y  p r e d i c t a b l e  

f rom p o t e n t i a l  f l o w  theory  assuming no sepa ra t i on  and n e g l i g i b l e  boundary 

l a y e r  th ickness .  

There a r e  two d i s t i n c t  p o s s i b i l i t i e s  w i t h  regard t o  the  manner o f  

hand l ing  t he  d e c e l e r a t i o n  a long  t he  d i f f u s e r  w a l l :  

( 1 )  The d e c e l e r a t i o n  may occur  a b r u p t l y  i n  a  narrow reg ion  on 

t h e  d i f f u s e r  w a l l .  Th is  geometry i s  s i m i l a r  t o  t h a t  used 

on exper imenta l  h i g h - l i f t  laminar  a i r f o i l s ,  o r i g i n a l l y  

suggested by A.A. G r i  f f  i t h  as repor ted  by Lachmann ( ~ e f .  8) 

and i s  hence fo r th  r e f e r r e d  t o  as t he  G r i f f i t h  d i f f u s e r .  

(2) Dece le ra t i on  may occur  con t i nuous l y  over  t he  e n t i r e  l e n g t h  

of the  d i f f u s e r  w a l l .  

The G r i f f i t h  d i f f u s e r  u t i l i z e s  t h e  f i r s t  method and i s  discussed i n  

paragraph 3.2.  The c i r c u l a r  a r c  d i f f u s e r  was se lec ted  t o  represent  the  



second method because o f  i t s  simple geometry and i t s  sho r t  length.  This  

case i s  discussed i n  paragraph 3.5. 

3 . 2  GRlFFlTH DIFFUSER 

Consider d i v i d i n g  the w a l l s  o f  the d i f f u s e r  i n t o  th ree  regions as 

shown i n  F igure  1 :  a  constant h igh  v e l o c i t y  low s t a t i c  pressure upstream 

region,  a constant low v e l o c i t y  h igh  s t a t i c  pressure downstream region,  and 

a r a p i d l y  dece lera t ing  region between. 

By con f i n ing  the troublesome adverse pressure g rad ien t  t o  a narrow 

zone, i t  may be poss ib le  t o  prevent  separat ion by app ly ing  boundary l aye r  

c o n t r o l  t o  t h i s  zone. One approach i s  p lac ing  a suc t i on  s l o t  i n  t h i s  zone 

whereby f l o w  separat ion due t o  the  adverse pressure grad ien t  may be avoided 

s ince the  suc t i on  s l o t  permi ts  removal o f  the  retarded f l u i d .  This  method 

o f  boundary l aye r  c o n t r o l  was f i r s t  implemented i n  an experimental  a i r f o i l  

by M.B, G lauer t  ( ~ e f .  9 ) .  

, -  - 

Arc length,  S ,  measured from i n l e t  

F igure  1 .  V e l o c i t y  and pressure d i s t r i b u t i o n s  along d i f f u s e r  w a l l .  



S i r  Geoffrey Tay lo r ' s  c r i t e r i o n  f o r  minimum suc t i on  requirement across 

a  suc t i on  s l o t  having a  concentrated adverse pressure g rad ien t  i s  repor ted 

by Goldste in ( ~ e f .  10). According t o  T a y l o r ' s  c r i t e r i o n ,  the minimum 

amount o f  f l u i d  w i t h i n  the  boundary l a y e r  which must be removed i s  the 

q u a n t i t y  from the  sur face up t o  where 

F igure  2. Flow i n  v i c i n i t y  o f  s l o t .  

V, and V 2  a re  the  f l u i d  v e l o c i t i e s  ou ts ide  the boundary layers  j u s t  

upstream and downstream o f  the s l o t .  v, i s  the  f l u i d  v e l o c i t y  w i t h i n  the 

boundary l aye r  upstream o f  the  s l o t  as shown i n  F igure  2. Along st reaml ines 

near the contoured w a l l ,  dece lera t ion  i s  constra ined t o  the reg ion  across 

the  s l o t .  For s t reaml ines f a r t h e r  away from the contoured w a l l ,  the 

dece lera t ion  region becomes more spread ou t ,  and a t  the  c e n t r a l  core o f  the 

f l u i d ,  the dece lera t ion  extends over  q u i t e  a  l a rge  p a r t  of the d i f f u s e r  

length.  Thus f l o w  separat ion i s  prevented by us ing suc t ion  t o  overcome an 



adverse pressure grad ien t  along the  s o l i d  w a l l s  o f  the d i f f u s e r .  I n  e s t i -  

mating the requ i red  suc t i on  ra te ,  the  boundary l aye r  v e l o c i t y  p r o f i l e  

upstream o f  the s l o t  i s  needed. Since the p o t e n t i a l  v e l o c i t y  upstream o f  

the suc t i on  s l o t  i s  p rescr ibed t o  be nea r l y  constant,  the p r o f i l e  may be 

approximated as t h a t  e x i s t i n g  on a f l a t  p l a t e .  The geometry o f  the  con- 

toured w a l l  can be obtained, assuming t h a t  the  suc t ion  r a t e  i s  s u f f i c i e n t  

t o  prevent f l o w  separat ion, by so l v ing  the inverse problem, which i s  def ined 

by p r e s c r i b i n g  the  desi red v e l o c i t i e s  a t  y e t  t o  be determined boundaries o f  

the  f l a w  f i e l d .  

3.3 COMPUTER DESIGN PROGRAM 

This program deals w i t h  the problem o f  determining the channel geometry 

f o r  p rescr ibed i n l e t ,  e x i t ,  and w a l l  v e l o c i t y  d i s t r i b u t i o n s  us ing two- 

dimensional incompressible p o t e n t i a l  f l o w  theory. 

John D. S t a n i t z  ( ~ e f .  1 1 )  has shown t h a t  i n  a two-dimensional f l o w  

f i e l d ,  the magnitude o f  t he  f l ow  v e l o c i t y ,  V ,  and i t s  d i r e c t i o n ,  0 ,  can be 

expressed as func t ions  o f  the stream func t i on ,  Y ,  and the v e l o c i t y  poten- 

t i a l ,  (b. L e t t i n g  the  dens i ty  o f  the  f l u i d  be 1.0, the  equat ion o f  c o n t i -  

n u i t y  f o r  incompressible f l o w  i s  

and the equat ion o f  i r r o t a t i o n a l  f l u i d  motion i s  

Combining equat ions (2) and (3)  r e s u l t s  i n  



Thus I n  V s a t i s f i e s  t h e  Laplace equat ion  i n  t he  @-Y p lane,  and w i t h  a  

g i ven  s e t  o f  boundary c o n d i t i o n s ,  I n  V may be found ove r  t he  e n t i r e  reg ion .  

The corresponding d i r e c t i o n  o f  f l ow ,  0 ,  may be found by i n t e g r a t i n g  

equat ion  (3)  as 

I n  des ign ing  t h e  d i f f u s e r ,  one needs t o  know X and Y i n  terms o f  8 ,  V ,  

and @ o r  Y f o r  t he  outermost s t reaml ines  i n  t h e  phys i ca l  p lane,  The r e l a -  

t i o n s h i p s  among X ,  Y ,  0 ,  V ,  @ ,  and Y a re :  

cos 0 
dQ, , o r  X = 

s i n  8 
dQ , o r  Y = dY 

Y 

A d i g i t a l  computer program u t i l i z i n g  t he  Gauss-Siedel method w i t h  over-  

r e l a x a t i o n  t o  speed convergence was u t i  1 i zed  t o  s o l v e  equa t ion  ( 4 ) .  The 

program u t i l i z e d  numerical  i n t e g r a t i o n  t o  so l ve  f o r  t he  coord ina tes  o f  t he  

var ious  s t reaml ines ,  i n c l u d i n g  the  outermost s t r eam l i ne  which co inc ides  

w i t h  the channel w a l l  geometry assuming t he  boundary l a y e r  th ickness  t o  be 

n e g l i g i b l e .  



3.4 COMPUTER ANALYSIS PROGRAM 

This program considers the problem of determining the potential flow 

field about a given geometry, J . L .  Hess and A.M.O. Smith (~ef. 12) of 

Douglas Aircraft Company developed the sur face-source-d is t r ibu t ion  method 

for solving such a flow field. They have also developed a digital computer 

program which utilizes this technique to solve for the flow field about 

infinite two-dimensional cascades. By adding the stagnation streamlines, 

the f l o w  channel of the two-dimensional diffuser may be analyzed as a 

caslcade problem. See Figure 3. 

Figure 3. Body coordinates and body spacing 
define the diffuser flow channel. 

After the geometry for a prescribed velocity distribution had been 

obtained by using the design program, the analysis program was used to 



calculate the velocities along the surface of the resultant body. This 

procedure was followed to verify the diffuser contour design. Also the 

analysis program was used to yield the modified velocity distribution for 

various suction rates for both Griffith and circular arc diffusers. Suction 

flow was accounted for as follows. A non-uniform onset flow was input by 

specifying the normal and tangential velocities on all body elements. The 

tangential velocities were specified to be zero on all body elements. For 

elements with no suction, a zero normal velocity was specified. For ele- 

ments with suction, a normal velocity was specified so as to yield the same 

total non-uniform onset flow as the 0" streamflow by applying the equation: 

Normal velocity for suction elements x C suction element lengths 

= onset 0' streamflow velocity x body spacing 

0 or, since onset 0 velocity = 1.0, 

Normal velocity for suction elements = body spacing 
C suction element lengths 

A subroutine was added to the original computer program which combined 

I % ,  2%, ... , 10% of the computed non-uniform flow velocities with the com- 
puted 0' streamflow velocities to yield the resulting tangential velocities 

at each body element for suction rates from 1% to 10% in 1%  intervals. X 

and Y components of off-body velocities were also obtained in this sub- 

routine by combining the 0' streamflow off-body velocities with I % ,  2%, 

... , 10% of the non-uniform off-body velocities. 



3.5 CIRCULAR ARC DIFFUSER 

Consider now the second method of dealing with the deceleration along 

the diffuser wall. A very simple geometry results if the diffuser walls 

consist of two circular arcs as shown i n  Figure 4. The wall velocity dis- 

tribution from potential flow theory, with and without slot suction, is 

shown in Figure 5. Slot suction would shift the real flow separation point 

downstream. 

Figure 4. Circular arc diffuser with a single slot per wall. 

W i t h o u t  suction 
---With suction 

Arc length, S, measured from inlet 

Figure 5. Wall velocity distribution (~otential flow theory). 



I t  may be poss ib le  t o  l oca te  the  s l o t  so t h a t  a  moderate r a t e  of suc- 

t i o n  enables the f l o w  t o  remain at tached almost t o  the  end of  the  c i r c u l a r  

a rc .  I n  t h i s  case a  h igher  d i f f u s e r  e f fec t i veness  should be expected. 

For h igher  area r a t i o s  i t  i s  l i k e l y  t h a t  more than one s l o t  per  d i f -  

fuser  w a l l  w i  1 l be requ i red  as shown i n  F igure  6. F igure  7 shows the  

r e s u l t i n g  w a l l  v e l o c i t y  d i s t r i b u t i o n .  

F igure  6. C i r c u l a r  a rc  d i f f u s e r  (two s l o t s  per  w a l l ) .  

- Without suc t ion  

,, With suc t ion  

Arc  length, S ,  from d i f f u s e r  entrance 

F igure  7. Wall v e l o c i t y  d i s t r i b u t i o n  ( ~ o t e n t i a l  f l ow  theory) .  



If slot suction is to be successful in preventing flow separation when 

used with a diffuser having continuous deceleration, the suction must exert 

an influence over an extended region both upstream and downstream o f  the 

slot. Also, an independent control of the suction rate through each slot 

would be required when the double-slot scheme is used for the case of high 

area ratio. This would tend to offset the advantage of geometrical simpli- 

city. 

SECTION I V  

APPARATUS AND INSTRUMENTATION 

4.1 TEST FACILITY 

Two diffusers having wall profiles determined with the aid of the com- 

puter programs discussed in section I l l  and five circular arc diffusers 

were fabricated and tested. These diffusers were fabricated from aluminum 

stock to tolerances wi thin one-thousandth inch (.0025 cm) . Diffuser side- 

walls were fabricated from a sintered porous stainless steel sheet so that 

two-dimensional flow could be achieved by applying suction to each sidewall. 

Tests were performed by attaching the test sections to a 24 inch (61 

cm) circular plate located at the end of a 20 ft. (6.1 m) long duct 

3 delivering air from a 10,000 CFM (4.720 m /sec) industrial fan. A shutter- 

type damper at the fan inlet was used to regulate the flow rate. Air 

delivery to the diffuser was made uniform and steady by flow-straightener 

tubes of 1 1/4 inch (3.18 cm) diameter, and four sets of fine screens of 

mesh sizes 20, 40, 50 and 100 per inch installed inside the duct. A 

3 positive displacement blower rated at 300 CFM (0.142 rn /sec) was used to 



prov ide  the s idewal l  and the s l o t  suc t ion  requ i red  f o r  the  tes ts .  F igure  

8 shows the  t e s t  arrangement p i c t o r i a l l y  and schemat ica l ly .  

4.2 GRlFFlTH DIFFUSER GEOMETRY 

The f i r s t  o f  the  two G r i f f i t h  d i f f u s e r s  designed and fab r i ca ted  f a i l e d  

t o  operate s a t i s f a c t o r i l y .  Paragraph 6.1 discusses the  probable reason f o r  

unsa t i s fac to ry  performance. F igure  9 shows the  coordinates and the  p r o f i l e  

r e s u l t i n g  from the  design program. As shown, a s l o t  was c u t  normal t o  the 

sur face i n  the  zone o f  maximum dece lera t ion .  The sur face v e l o c i t y  d i s t r i -  

bu t i on  which was prescr ibed t o  o b t a i n  the  w a l l  contour o f  F igure  9 i s  

shown i n  F igure  10. F igure  1 1  shows the  w a l l  v e l o c i t y  d i s t r i b u t i o n  as pre-  

d i c t e d  by the ana lys i s  program when suc t i on  a t  the  r a t e  o f  10% o f  the i n l e t  

f l o w  i s  app l ied  t o  the  zone o f  maximum decelerat ion.  

The second G r i f f i t h  d i f f u s e r  i s  shown i n  F igure  12. A suc t i on  s l o t  

0.05 inches (0.127 cm) wide was c u t  as ind ica ted  i n  the  f i g u r e .  By vary ing  

the spacing between the  contoured wa l l s ,  the  d i f f u s e r  could be operated a t  

var ious area r a t i o s .  F igure  13 shows the  w a l l  v e l o c i t y  d i s t r i b u t i o n  which 

was prescr ibed t o  the  design program t o  y i e l d  the second G r i f f i t h  d i f f u s e r  

coordinates.  A more r a p i d  r a t e  o f  dece lera t ion  was prescr ibed f o r  the 

second d i f f u s e r  as shown by comparing F igure  13 w i t h  F igure  10. This  

resu l ted  i n  the  cusp j u s t  downstream o f  the  s l o t  as observed i n  F igure  12. 

Reference 12 shows t h a t  the  spacing enters i n t o  the  expression folr 

the complex v e l o c i t y  on the  sur face i n  the  form o f  a m u l t i p l i c a t i o n  f a c t o r  

o f  the argument o f  a hyperbo l ic  s ine  func t ion .  Thus a change of spacing 

r e s u l t s  i n  changes o f  l o c a l  sur face v e l o c i t i e s ,  bu t  the  p r o f i l e s  remain 

s i m i l a r .  F igure  14 shows the  w a l l  v e l o c i t y  d i s t r i b u t i o n s  f o r  area r a t i o s  

o f  2, 3, and 4 as p red i c ted  by the p o t e n t i a l  f l o w  ana lys is  program. The 
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F i g u r e  8. Test arrangement shown pictorially and schematically. 



Figure 9. Griffith diffuser geometry with 
coordinates obtained from design program. 

A r c  length from inlet / 
total a r c  length 

Figure 10. Wall velocity dis- 
tribution prescribed 
t o  diffuser design 
program. A R  = 4. 

o a.z a4  0.6 0.8 / o 

A r c  length from i n l e t  / 
total a r c  length 

Figure 1 1 .  Wall velocity distri- 
bution p r e d i c t e d  by 
computer a n a l y s i s  p r s -  
gram when 10% suction 
rate is applied. 
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pred ic ted  v e l o c i t i e s  a re  i nd i ca ted  f o r  a  suc t i on  r a t e  o f  10% through a  s l o t  

added a t  the dece lera t ion  zone. 

4.3 C B RCULAR ARC D l FFUSER GEOMETRY 

The best  performing c i r c u l a r  a r c  d i f f u s e r  as determined from p r e l i m i -  

nary t e s t s  had an area r a t i o  o f  2 1/2 t o  1 and a  s l o t  loca ted  a t  15' 

measured from the i n l e t  j unc t i on .  F igure  15 shows a  t y p i c a l  assembled 

c i r c u l a r  a r c  d i f f u s e r ,  which consis ted o f  f o u r  components: the  i n l e t  sec- 

t i o n ,  the c rad le ,  the c i r c u l a r  a r c  wa l l s ,  and the e x i t  sec t ion .  The i n l e t  

sec t ion  consis ted of two p a r a l l e l  p la tes .  They were inser ted  i n  the c rad le  

a t  a  f i xed  d is tance apar t  so t h a t  the f l o w  entered the  d ivergent  channel 

t a n g e n t i a l l y .  The edges o f  the p a r a l l e l  p l a t e s  were made kni fe-sharp t o  

minimize the "step e f f e c t "  a t  the  i n l e t  j unc t i on .  The c rad le  acted as a  

frame t o  ho ld  the  i n l e t  sect ion,  the  d i f f u s e r  wa l l s ,  and the e x i t  sec t i on  

a t  s p e c i f i e d  r e l a t i v e  pos i t i ons .  The c i r c u l a r  a r c  d i f f u s e r  w a l l s  cons is ted  

o f  two h a l f - c y l i n d e r s  mounted on a  p a i r  o f  tubes. The tubes were res ted  on 

the bearing surfaces of the  c rad le .  Each h a l f - c y l i n d e r  could be r o t a t e d  

w i t h i n  the  bear ing surfaces t o  ad jus t  the s l o t  p o s i t i o n .  The e x i t  sec t i on  

a l s o  consis ted o f  two p la tes ,  each having a  sharp edge t o  minimize the 

"step e f f e c t "  a t  the e x i t  j unc t i on .  The spacing between the  p a r a l l e l  

p la tes  o f  the e x i t  sec t i on  could be adjusted so as t o  vary the  e x i t  area t o  

in l le t  area r a t i o  between the  l i m i t s  o f  1 t o  1 and 4 t o  1 .  F igure  16 shows 

the c i r c u l a r  w a l l  d e t a i l .  Four p a i r s  o f  h a l f - c y l i n d e r s  o f  t he  same o v e r a l l  

dimensions bu t  w i t h  d i f f e r e n t  s l o t  geometries were designed t o  examine the 

e f f e c t  o f  s l o t  geometry on the  performance o f  the c i r c u l a r  a rc  d i f f u s e r .  

F igures 17-a, b, c, and d  show the  var ious  s l o t  geometries used. The 
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doub le - s l o t  des ign i s  shown i n  F igu re  17-e. Th i s  des ign u t i l i z e d  t he  

a l r eady  e x i s t i n g  3/16 i n c h  (0.476 cm) s i n g l e - s l o t  c o n f i g u r a t i o n .  A 1/16 

inch  (0.159 cm) s l o t  was added 35' f rom t h e  3/16 i nch  (0.476 cm) s l o t .  

S ince an e x i s t i n g  c o n f i g u r a t i o n  was u t i l i z e d ,  independent c o n t r o l  o f  t h e  

s u c t i o n  r a t e  through each o f  t he  two s l o t s  cou ld  n o t  be implemented. The 

p o s i t i o n s  o f  t h e  two s l o t s  r e l a t i v e  t o  each o t h e r  cou ld  n o t  be changed, 

a l though t h i s  would have been d e s i r a b l e .  Th i s  des ign was t e s t e d  a t  an 

area r a t i o  o f  4 t o  1. 

4.4 lNSTRUMENTATlON AND MEASUREMENTS 

The s tagna t i on  p ressure  a t  t h e  end o f  t h e  duc t  and t h e  s t a t i c  p ressure  

a t  t h e  d i f f u s e r  i n l e t  were measured w i t h  a  micromanometer hav ing r e s o l u t i o n  

o f  0.001 i nch  o f  water .  N ine p ressure  taps were i n s t a l l e d  i n  each c i r c u l a r  

a r c  d i f f u s e r  w a l l ,  and f ou r t een  taps  were i n s t a l l e d  i n  each G r i f f i t h  d i f -  

f use r  w a l l .  The w a l l  p ressure  d i s t r i b u t i o n  ( i n c l u d i n g  t h e  s t a t i c  p ressure  

a t  t h e  d i f f u s e r  i n l e t )  was measured by us ing  a  f l u s h  mounted p ressure  

t ransducer  o f  range 0-1.0 ps id ,  and a  r a p i d  scanning mechanism w i t h  a  

capac i t y  o f  48 channels. The ou tpu t  o f  t h e  t ransducer  was a u t o m a t i c a l l y  

recorded on paper tape f o r  subsequent ana l ys i s .  The scanning r a t e  was s e t  

a t  24 channels pe r  second and hence a  s e t  o f  p ressure  d i s t r i b u t i o n  measure- 

ments cou ld  be completed i n  two seconds. 

The v e l o c i t y  d i s t r i b u t i o n  a t  va r i ous  p lanes normal t o  t h e  c e n t e r l i n e  

o f  t h e  t e s t  s e c t i o n  were measured w i t h  m i n i a t u r e  cons tan t  temperature hot-- 

w i r e  probes. Each probe was c a l i b r a t e d  by p l a c i n g  i t  near a  p i t o t - s t a t i c  

probe i n  a  s tandard f l o w  nozz le ,  va ry i ng  t h e  a i r  v e l o c i t y  f rom approx imate ly  

20 t o  250 f t . / sec . ,  and record ing  simultaneous vo l t age  and manometer 



readings. The voltage output of the hot-wire probe was displayed by a 

multi-range digital voltmeter with a selective damping device. The probe 

was positioned with a traversing mechanism adapted from a milling machine 

bed. It had a position resolution of 0.001 inch (0.0025 cm) in each of the 

three directions. For the circular arc diffusers, velocity profiles were 

normally obtained in X-Y planes located at Z = 0.5, 1 .O, 2.0, 3.0, and 4.5 

(diffuser heights downstream from entrance. See Figure 18.). For the 

Griffith diffusers, velocity profiles were obtained in the exit plane and 

in a plane approximately halfway between inlet and exit. At the diffuser 

inlet, the velocity was measured only at the center of the flow channel. 

In obtaining the horizontal velocity profiles, approximately 14 

velocity measurements were made along the sidewall-to-sidewall horizontal 

centerline in each of the X-Y planes named above. From 5 to 20 velocity 

measurements, depending upon the local diffuser height, were made along the 

vertical centerline to obtain the vertical velocity profile. These 

velocities were normalized to the maximum velocity throughout the local 

X-Y plane. 

Figure 18. Nomenclature for velocity measurements. 



Calibrated laminar flow tubes were used to measure the slot and side- 

wall suction flow rates. Independent control and measuring of the suction 

rate through each sidewall, the top wall slot, and the bottom wall slot was 

achieved by individual hand valves. 

A copper-constantan thermocouple was used to measure the air tempera- 

ture, and a well-type mercury barometer was used to obtain atmospheric 

pressure. 

A volume flow balance was made for several runs. For the circular arc 

diffusers, velocities were measured at 36 locations (see Figure 19) i n  each 

of three planes: Z = 2.0, 3.0 and 4.5. The resulting flow rates were com- 

pared with the inlet flow rates determined by the dynamic pressure. 60r 

the Griffith diffusers, the exit volume flow rate was obtained from velocity 

measurements at 91 stations in the exit plane (similar to Figure 19 except 

that 7 rows and 13 columns were used). 

36 n?eosohg /ocuf;~ns i n  each +ronsve&~/ plane 

Figure 19. Locations for velocity measurement in making volume 
flow rate balances on circular arc diffusers. 



SECTION V 

TEST CONDITIONS AND PROCEDURE 

5.1 TEST CONDITIONS 

I t  was o r i g i n a l l y  planned t o  run a l l  d i f f u s e r  t e s t s  (except those made 

t o  determine a t r a n s i t i o n  Reynolds number) w i t h  an i n l e t  v e l o c i t y  o f  250 

f t / s e c  (76.2 m/sec). However, p re l im ina ry  t e s t  runs ind ica ted t h a t  f o r  the  

G r i f f i t h  d i f f u s e r  t e s t s  a lower i n l e t  v e l o c i t y  was necessary. The i n l e t  

v e l o c i t y  f o r  t he  G r i f f i t h  d i f f u s e r  t e s t s  was l i m i t e d  t o  about 50 f t / s e c  

(15.2 rn/sec) because the  capaci ty  o f  the  suc t ion  blower was inadequate t o  

handle the very h igh  suc t ion  ra tes  needed For h igher i n l e t  v e l o c i t i e s .  The 

f o l l o w i n g  i s  a summary o f  the  t e s t  cond i t ions  used f o r  the G r i f f i t h  d i f f u s e r  

t e s t s :  

i n l e t  a i r  v e l o c i t y  - 50 f t / s e c  (15.2 m/sec). 

Area r a t i o s  - 2 ,  3, and 4. 

Corresponding i n l e t  Reynolds numbers - 115,000; 65,000; 45,000. 

Corresponding i n l e t  volume f l o w  ra tes  - 12.5 CFS (0.354 m3/sec); 

3 6.25 CFS (0.177 m /sec) ; 3.125 CFS (0.0885 m3/sec) 

Suct ion s l o t  - 0.05 inch (0.127 cm) continuous s l o t .  

To ta l  s l o t  suc t ion  rates - ranged from 0% t o  45% o f  the  i n l e t  

f l ow  rates.  

Total sidewal l  suc t i on  ra tes  - ranged from 10% t o  20% o f  the 

i n l e t  f l o w  rates.  

As l i s t e d  i n  the Appendix, 34 p re l im ina ry  t e s t s  were made on the  c i r -  

c u l a r  a rc  d i f f u s e r  having one s l o t  per w a l l .  The primary o b j e c t i v e  o f  

these p re l im ina ry  runs was t o  e s t a b l i s h  the best  s l o t  l oca t ion  and the  



h ighes t  area r a t i o  r e s u l t i n g  i n  a s t a b l e  d i s t r i b u t e d  f l o w  a t  t he  e x i t  p lane ,  

y e t  meet ing a s l o t  s u c t i o n  l i m i t  o f  10%. These p r e l i m i n a r y  t e s t s  i n d i c a t e d  

t h a t  an area r a t i o  o f  2.5 and a s l o t  l oca ted  15' f rom the  d i f f u s e r  ent rance 

was optimum. The subsequent t e s t s  on t he  c i r c u l a r  a r c  d i f f u s e r s  hav ing one 

s l o t  per  w a l l  were made w i t h  t he  f o l l o w i n g  t e s t  c o n d i t i o n s :  

l n l e t  a i r  v e l o c i t y  - 250 f t / s e c  (76.2 m/sec). 

Area r a t i o  - 2.5. 

l n l e t  Reynolds number - 230,000. 

3 l n l e t  volume f l o w  r a t e  - 20.8 CFS (0.590 m /sec) .  

S l o t  geometr ies - 3/16 inch  (0.476 cm) cont inuous s l o t ;  1/16 inch  

(0.159 cm) cont inuous s l o t ;  3/16 inch  (0.476 cm) d iameter  

ho les  w i t h  cen te r - t o - cen te r  spacing o f  1.5 d iameters ;  1/16 

inch  (0.159 cm) d iameter  ho les  w i t h  cen te r - t o - cen te r  spacing 

o f  1.5 diameters.  

S l o t  l o c a t i o n  - 15O f rom d i f f u s e r  ent rance.  

T o t a l  s l o t  s u c t i o n  - from 0% t o  10% o f  i n l e t  f l ow .  

To ta l  s i dewa l l  s u c t i o n  - near  3.5% o f  i n l e t  f l ow .  

For t he  c i r c u l a r  a r c  d i f f u s e r  hav ing  two s l o t s  pe r  w a l l ,  the  f o l l o w i n g  

t e s t  c o n d i t i o n s  were used: 

l n l e t  a i r  v e l o c i t y  - 250 f t / s e c  (76.2 m/sec). 

Area r a t i o  - 4. 

l n l e t  Reynolds number - 230,000. 

l n l e t  volume f l ow  r a t e  - 20.8 CFS (0.590 m'/sec). 

S l o t  geometry - a 3/16 i n c h  (0.476 cm) cont inuous s l o t  a t  15' and 

a 1/16 inch  (0.159 cm) cont inuous s l o t  a t  50' from ent rance.  



To ta l  s l o t  suc t i on  - from 0% t o  10% o f  i n l e t  f low.  

Tota l  s idewal l  suc t i on  - near 4% o f  i n l e t  f low.  

For a l l  d i f f u s e r  t es t s ,  a i r  was de l i ve red  by the  fan  from the t e s t  

room through the d i f f use r ,  and the  d i f f u s e r  discharged the  a i r  back i n t o  

the  t e s t  room. 

5.2 TEST PROCEDURE 

The same t e s t  procedure was used f o r  both G r i f f i t h  and c i r c u l a r  a r c  

d i f fusers .  The d i f f u s e r  t e s t  sec t i on  was at tached t o  the  end o f  the  main 

a i r  duct.  The a i r  d e l i v e r y  fan and the suc t i on  blower were s ta r ted .  The 

fan i n l e t  shu t te r  was ad jus ted  t o  g i v e  the  desi red i n l e t  a i r  v e l o c i t y  as 

measured by the s t a t i c  pressure d i f f e r e n t i a l  between the  d i f f u s e r  i n l e t  and 

the main duct. 

A f t e r  steady s t a t e  was es tab l ished,  th ree  independent pressure measure- 

ments were made w i t h  the  micrornanorneter: ( 1 )  the  s t a t i c  pressure a t  the  

d i f f u s e r  i n l e t ,  (2) the s t a t i c  pressure a t  the  end o f  the  a i r  duct,  (3) the 

pressure d i f f e r e n t i a l  between (1) and (2). 

The s idewal l  and the  s l o t  suc t i on  ra tes  were i n i t i a l l y  s e t  h igher  than 

the s p e c i f i e d  values and then g radua l l y  reduced t o  the desi red values by 

manipulat ing the appropr ia te  hand valves. The l e f t  and r i g h t  s idewal l  suc- 

t i o n  ra tes  were adjusted t o  be equal as were the  top and bottom s l o t  suc t i on  

ra t~es .  

The curved w a l l  s t a t i c  pressure readings were obta ined by us ing the  

pressure transducer i n  con junc t ion  w i t h  the  scanning valve, and these 

readings were recorded on paper tape. Three sets o f  values were recorded 

a t  the beginning of  each t e s t .  Thermocouple and barometer readings were 

made dur ing  the  t e s t .  



The reference p o s i t i o n  o f  the ho t -w i re  probe t rave rs ing  mechanism was 

examined p r i o r  t o  making v e l o c i t y  measurements. V e l o c i t y  measurements were 

then made a t  the var ious  s t a t i o n s  us ing the t rave rs ing  mechanism t o  

p o s i t i o n  the  probe. I f  the  ho t -w i re  f i l amen t  was damaged du r ing  a  t e s t  run, 

a new probe was c a l i b r a t e d  and the t e s t  run repeated. I n  a l l  v e l o c i t y  

measurements, a  record was kept t o  i d e n t i f y  the i n d i v i d u a l  probe w i t h  i t s  

ca l  i b r a t i o n  curve. 

Near the end o f  the run, th ree  a d d i t i o n a l  sets o f  w a l l  s t a t i c  pressure 

readings were made. 

The measurements taken were used t o  ob ta in  the  f o l l o w i n g  in fo rmat ion  

f o r  each d i f f u s e r  t e s t  run: 

( 1 )  D i f f u s e r  e f fec t iveness ,  q, where 

rl - - 
% t o t a l  suc t ion  

2 

100 
'd, i AR 

Although t h i s  equat ion accounts f o r  the e f f e c t  o f  suc t i on  

upon the e x i t  v e l o c i t y ,  i t  does no t  pena l ize  the d i f f u s e r  f o r  

the  energy associated w i t h  the removal o f  the  suc t i on  a i r .  

(2) I n l e t  Reynolds number: 

(4  ACS / per imeter)  ( v e l o c i t y )  
Re No. = 

f l u i d  k inemat ic  v i s c o s i t y  1 di f fuser  

i n l e t  



(3) Tota l  pressure loss  as computed from the d i f f u s e r  e f fec t iveness:  

Tota l  pressure loss = 

% t o t a l  suc t ion  

(1.0 - n )  [ I . O  - ('o - AR loo )'I($) 
i 

e r e  ( i s  the  i n l e t  dynamic pressure. 

i 

The pressure losses were reported as a percentage o f  i n l e t  

t o t a l  pressure and i n l e t  dynamic pressure. 

( 4 )  Tota l  s l o t  suc t ion  r a t e  as a percentage o f  i n l e t  f low.  

(5)  To ta l  s idewal l  suc t ion  r a t e  as a percentage of i n l e t  f low.  

(6)  Hor izonta l  v e l o c i t y  d i s t r i b u t i o n s  a t  var ious planes down- 

stream from the d i f f u s e r  entrance. 

(7)  V e r t i c a l  v e l o c i t y  d i s t r i b u t i o n s  a t  var ious planes down- 

stream from the d i f f u s e r  entrance. 

(8) Wall pressure c o e f f i c i e n t  d i s t r i b u t i o n s  along the top and 

bottom contoured d i f f u s e r  wa l l s .  The pressure c o e f f i c i e n t  was 

obtained from the equation: 

and the  v e l o c i t i e s  were obtained from wa l l  pressure readings. 

(9)  Center l ine  v e l o c i t y  d i s t r i b u t i o n  from d i f f u s e r  entrance t o  

d i f f u s e r  e x i t .  

(10) Comparison o f  i tems (8) and (9) w i t h  pred ic ted values from 

computer analyses. 



SECTION VI 

D I S C U S S I O N  OF RESULTS 

6.1 GR l FFl TH D l FFUSER (F I RST DES I GN) 

As mentioned i n  paragraph 4.2, the  f i r s t  o f  the  two G r i f f i t h  d i f f u s e r s  

cou ld  no t  be operated w i thout  separat ion occu r r i ng  before the suc t i on  s l o t  

unless extremely h igh  suc t ion  ra tes  were appl ied.  Approximately 75% o f  the 

i n l e t  f l ow  r a t e  had t o  be removed by suc t ion  i n  o rder  t o  prevent separat ion.  

Several mod i f i ca t i ons  t o  the s l o t  geometry were made i n  attempts t o  y i e l d  

s a t i s f a c t o r y  operat ion,  bu t  none was successful .  I t  i s  be l ieved t h a t  the 

reason f o r  the  f a i l u r e  o f  t h i s  d i f f u s e r  t o  perform s a t i s f a c t o r i l y  i s  as 

fo l l ows .  I n  the  e a r l y  per iod  o f  the  i n v e s t i g a t i o n  i t  was thought t h a t  the 

s i n k  e f f e c t  o f  s l o t  suc t ion  could be u t i l i z e d  advantageously so as t o  

decrease the requ i red  dece lera t ion  w i t h i n  the  region o f  the  s l o t .  Some 

dece lera t ion  was prescr ibed t o  occur both upstream and downstream o f  the 

s l o t  as shown i n  F igure  10. The s l o t  suc t ion  was t o  have a s ink  e f f e c t  an 

the  f l o w  t o  compensate f o r  the  dece lera t ion .  Apparent ly the  suc t ion  was 

not  capable o f  e x e r t i n g  an adequate in f luence on the p o t e n t i a l  core s u f f i -  

c i e n t l y  beyond the  s l o t  t o  achieve the desi red r e s u l t s .  

No d e t a i l e d  t e s t  runs were made on t h i s  d i f f u s e r .  The r e s u l t s  would 

have l i t t l e  meaning because w i t h  f l o w  separat ion occur r ing  upstream o f  the 

s l o t ,  d i f f u s e r  performance i s  poor and no c o r r e l a t i o n  between measured and 

computed v e l o c i t i e s  and pressures could be expected. 

6.2 GR l FF l TH D l FFUSER (SECOND DES I GN) 

With the  f a i l u r e  o f  the f i r s t  G r i f f i t h  d i f f u s e r  t o  perform s a t i s f a c t o -  

r i l y ,  the design phi losophy was changed so as t o  p resc r ibe  a small 



acce le ra t i on  from the  d i f f u s e r  entrance t o  the  s l o t  and from the s l o t  t o  

the d i f f u s e r  e x i t  as shown e a r l i e r  i n  F igure  13. 

Figures 20 and 21 show the  w a l l  pressure and the v e l o c i t y  d i s t r i b u t i o n s  

fo r  the second G r i f f i t h  d i f f u s e r  when operated w i t h  an area r a t i o  o f  2. 

F igure 20 shows good c o r r e l a t i o n  between the measured w a l l  pressures and 

c e n t e r l i n e  v e l o c i t i e s  and those p red i c ted  by the  computer ana lys i s  program. 

The uniform v e l o c i t y  d i s t r i b u t i o n  a t  the e x i t  p lane as shown i n  F igure 21 

and the  d i f f u s e r  e f fec t iveness  o f  99% a re  e s p e c i a l l y  s i g n i f i c a n t  i n  view o f  

the  des i rab le  c h a r a c t e r i s t i c s  l i s t e d  i n  the In t roduc t i on .  The d i f f u s e r  

t o t a l  pressure loss  was on l y  8.4 x p s i a  (0.0044 mm Hg), which was 

0.44% o f  the i n l e t  dynamic pressure o r  0.0006% o f  the i n l e t  t o t a l  pressure. 

However the des i rab le  r e s u l t s  were achieved by app ly ing  about f o u r  

t imes the s l o t  suc t i on  r a t e  i nd i ca ted  t o  be necessary by Tay lo r ' s  c r i t e r i o n .  

When opera t ing  w i t h  an area r a t i o  o f  2.0, approximately 16% o f  the i n l e t  

f lor r~ had t o  be removed through the s l o t  f o r  a  completely s t a b l e  d i s t r i b u t e d  

f low.  I t  was poss ib le  t o  reduce the  suc t i on  r a t e  t o  a  minimum o f  approxi-  

mately 1 1 %  w i thou t  separat ion provided no distrubances i n  t he  f low occurred. 

I f  f l o w  separat ion occurred, the  suc t i on  r a t e  had t o  be increased t o  16% t o  

res to re  the unseparated f l ow  pa t te rn .  

Figures 22 and 23 show the  w a l l  pressure and the  v e l o c i t y  d i s t r i b u t i o n s  

w i t h  the s l o t  suc t i on  r a t e  decreased t o  11%. Although the  r e s u l t s  a re  

e s s e n t i a l l y  the  same as when operated w i t h  a  suc t ion  r a t e  o f  16%, on l y  

quas i -s tab le  performance was possib le.  

Figures 24 and 25 show the pressure and v e l o c i t y  d i s t r i b u t i o n s  when no 

s l o t  suc t ion  i s  appl ied.  The h o r i z o n t a l  v e l o c i t y  d i s t r i b u t i o n  ind ica tes  

t h a t  the s idewal l  suc t i on  was s u f f i c i e n t  t o  cause e s s e n t i a l l y  two-dimensional 



Run no. 1 0.05 in (0.127 cm) slot Area ratio - 2.0 Vinlet- 48.5 ft/scc (14.8 m/sec) 

n - 99.5% Slot suction - 16.2% S . W .  suction - 11.6% Reynolds number - 115,000 
Ploss- 0.0006% P .- 14.602 psia (755 m H ~ )  PS, i-  14.583 psia (754 mm ~ g )  P - Patm- 14.600 psia (755 m ~ g )  

t, I s,e 

Z - distance from entrance / inlet height 
Centerline velocity distribution 

Figure 20. Wall pressure and centerline velocity distribution far Griffith diffuser 

Figure 21. Velocity profiles for Griffith diffuser. 



Run no. 2 0.05 in (0.127 an) slot Area ratio - 2.0 Vinlet - 49 ft/sec (15 m/sec) - 98.8% Slot suctlon - 11.7% S.W. suction - 11.6% Reynolds number - 115,000 
PIorr, - 0.0014% P t , ,  - 14.603 psla (755 mn Hg) PSSI - 14.584 psia (754 mn Hg) PS,e - Pa - 14.600 pria (755 mn H ~ )  

Figure 22. Wall pressure and centerline velocity distribution for Grifflth diffuser. 

Figure 23. Velocity profiles for Grlfflth diffuser. 



Run no. 3 0.05 i n  (0.127 cm) s l o t  Area r a t i o  = 2.0 Viniet - 45.5 f t / sec  (14 m/sec) 

? - 37.0% S lo t  suct ion - 0.0% S.W. suct ion - 11.6% Reynolds number - 108.000 

Ploss - 0.057% Pt,, - 14.611 ps ia  (756 mn Hg) P . - 14.595 ps ia  (755 mn Hg) PSPe - Pa - 14.600 ps ia  (755 mn Hg) 
5.1 

0.0 0.4 0.8 1.2 1.6 2.0 2.4 
Arc distance from entrance / i n l e t  he ight  

Wall pressure d i s t r i b u t i o n  

Figure 24. Wall pressure and cen te r l i ne  v e l o c i t y  d i s t r i b u t i o n  f o r  G r i f f i t h  d i f f u s e r .  

0 

Figure 25. Ve loc i t y  p r o f i l e s  f o r  G r i f f i t h  d i f f u s e r .  
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f low.  The v e r t i c a l  v e l o c i t y  d i s t r i b u t i o n  was ve ry  poor  as expected. A 

s l i g h t  p re fe rence  f o r  t h e  t op  w a l l  i s  observed w i t h  severe f l o w  sepa ra t i on  

and reve rsa l  o c c u r r i n g  a t  t h e  bot tom w a l l .  

F igures  26 and 27 show t h e  p ressure  and v e l o c i t y  d i s t r i b u t i o n s  f o r  t h e  

same d i f f u s e r  when operated w i t h  an area r a t i o  of  3. I n  o r d e r  t o  ach ieve 

complete ly  s t a b l e  d i s t r i b u t e d  f l ow ,  t h e  s u c t i o n  r a t e  had t o  be increased t o  

36.3%. The r e q u i r e d  s u c t i o n  r a t e  f o r  unseparated f l o w  w i t h  ope ra t i on  a t  an 

area r a t i o  o f  3.0 had t o  be s i g n i f i c a n t l y  h i ghe r  than w i t h  o p e r a t i o n  a t  an 

area r a t i o  o f  2.0. The d i f f u s e r  i n l e t  h e i g h t  was o n l y  one-ha l f  as l a r g e  

when ope ra t i ng  w i t h  an area r a t i o  o f  3.0 as compared w i t h  o p e r a t i o n  a t  an 

area r a t i o  o f  2.0. I f  t he  same amount o f  f l u i d  had t o  be removed i n  t he  

two cases, t he  percentage s u c t i o n  would thus be t w i c e  as l a r g e  f o r  ope ra t i on  

w i t h  an area r a t i o  o f  3.0. A c t u a l l y ,  somewhat more f l u i d  had t o  be removed 

w i t h  ope ra t i on  a t  an area r a t i o  o f  3.0, as p r e d i c t e d  by T a y l o r ' s  c r i t e r i o n  

(d i scussed i n  pa rag raph 3.2) . Consequent 1 y, somewhat more than t w i c e  t he  

s u c t i o n  r a t e  was requ i red .  

Quas i - s tab le  ope ra t i on  was p o s s i b l e  w i t h  a  s l o t  s u c t i o n  r a t e  as low as 

22% when ope ra t i ng  w i t h  an area r a t i o  o f  3.0. Again, unseparated f l o w  was 

p o s s i b l e  p rov ided  no f low d is tu rbance  occurred. An increase o f  s u c t i o n  r a t e  

t o  36% was necessary t o  r e s t o r e  unseparated f l o w  i f  a  f l o w  d is tu rbance  

caused sepa ra t i on  t o  occur .  F igures  28 and 29 show t h e  p ressure  and ve loc -  

i t y  d i s t r i b u t i o n s  w i t h  a  s l o t  s u c t i o n  r a t e  o f  22% and an area r a t i o  of  3.0. 

They a r e  very  s i m i l a r  t o  F igures 26 and 27, and t h e  d i f f u s e r  e f f e c t i v e n e s s  

remains a t  j u s t  under 98%. 

F igures 30 and 31 show t h e  p ressure  and v e l o c i t y  d i s t r i b u t i o n s  when 

o p e r a t i n g  w i t h  an area r a t i o  of  3.0 and w i t h  no s l o t  suc t i on .  S ince 



Run no. 4 0.05 i n  (0.127 cm) s l o t  Area r a t i o  - 3.0 Vinlet - 50 f t /sec (15.2 m/sec) 

n - 97.8% S lo t  suct ion - 36.3% S.W. suct ion - 18.0% Reynolds number - 66,000 

Ploss - 0.0029% Ptei - 14.601 ps ia  (755 mn Hg) P  . - 14.581 ps ia  (754 mn Hg) PSVe - Pa - 14.600 ps ia  (755 m Hg) 
5.1 

(Computer ana lys is )  

0.0 0.5 T.0 1.5 2.0 2.5 3.0 
Arc distance from entrance / i n l e t  height 

Wall pressure d i s t r i b u t i o n  
Z - distance f r a n  entrance / i n l e t  he ight  

Center l ine ve loc i t y  d i s t r i b u t i o n  

Figure 26. Walt pressure and cen te r l i ne  ve loc i t y  d i s t r i b u t i o n  f o r  G r i f f i t h  d i f fuser  

Figure 27. Ve loc i ty  p r o f i l e s  for  G r i f f i t h  d i f f u s e r .  



Run no. 5  0.05 i n  (0.127 cm) s l o t  Area r a t i o  - 3.0 Vinlet - SO f t /sec (15.2 m/sec) 

n = 97.8% S lo t  suct ion = 21.6% S.V. suct ion - 14.5% Reynolds number = 66,000 

Ploss = 0.0029% Pt, - 14.601 ps ia  (755 mn ~ g )  P . - 14.581 ps ia  (754 mn H ~ )  PS,e = Pa = 14.600 ps ia  (755 mn ng) 5.1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
A r c  d is tance from entrance / i n l e t  height 

Wall pressure d i s t r i b u t i o n  

Figure 28. Wall pressure and cen te r l i ne  v e l o c i t y  d i s t r i b u t i o n  f o r  G r i f f i t h  d i f f use r .  

Figure 29. Ve loc i ty  p r o f i l e s  f o r  G r i f f i t h  d i f f u s e r .  



Run no. 6 0.05 in (0.127 cm) slot Area ratio = 3.0 V i n l e t  - 48 ft/sec (15 m/sec) 

n - 18.3% Slot suction - 0.0% S.V. suction - 18.7% Reynolds number - 64,000 

Ploss - 0.094% P . - 14.615 psia (756 rmn H ~ )  P s P i  - 14.597 psia (755 nm H ~ )  P S V e  = Pa - 14.600 psia (755 ~ g )  
t.1 

(Experimental) 

Figure 30, Wall pressure and centerline velocity distribution for Griffith diffuser 

Horizontal velocity profiles 

1 1 A z - 1 ' 3 2 ]  X - 0 . 5  1 
0 Z - 2.64 

(Exi t plane) 
-0.75 

-0.50 -0.25 0.0 0.25 0.50 
Y - Distance from centerline / local channel height 

Vertical velocity profiles 

Figure 31. Velocity profiles for Griffith diffuser. 



e a r l y  sepa ra t i on  occurs,  no c o r r e l a t i o n  e x i s t s  between exper imenta l  va lues 

and p r e d i c t e d  va lues o f  w a l l  p ressure  and c e n t e r l i n e  v e l o c i t y  d i s t r i b u t i o n s .  

D i f f use r  e f f e c t i v e n e s s  dropped t o  about 18%. Table 1 summarizes t he  r e s u l t s  

o f  t h e  t e s t s  made on the  second G r i f f i t h  d i f f u s e r  as d iscussed i n  t h e  p re -  

ceding paragraphs. Data were a l s o  taken w i t h  a 4 t o  1 area r a t i o  b u t  no 

d e t a i l e d  p l o t s  were made because o f  f l o w  sepa ra t i on  a t  reasonable s u c t i o n  

ra tes .  

TABLE I. GRlFFlTH DIFFUSER TEST RESULTS 

l n l e t  
Test  S l o t  Area I n l e t  V e l o c i t y  Reynolds % Suc t ion  

No. Geome t r y  R a t i o  Ft /sec M/sec Number S l o t s  S idewa l l s  

1 0.05 i n  (0.127 cm) 2.0 48.5 14.8 115,000 16.2 11.6 
cont inuous 

2 0.05 i n  (0.127 em) 2.0 49.0 15.0 115,000 11.7 11.6 
cont inuous 

3 0 . 0 5 i n ( 0 . 1 2 7 c m )  2.0 45.5 14.0 108,000 0.0 11.6 
cont  i nuous 

4 0.05 i n  (0.127 cm) 3.0 50.0 15.2 66,000 36.3 18.0 
cont inuous 

5 0.05 i n  (0.127 cm) 3.0 50.0 15.2 66,000 21.6 14.5 
cont inuous 

6 0.05 i n  (0.127 cm) 3.0 48.0 14.6 64,000 0.0 18.7 
cont inuous 

To ta l  l n l e t  
( A P ) s t a t i c  
P P 

T o t a l  Pressure Loss E f f ec t i veness  
Test  Pressure s ,e s, i % o f  I n l e t  r) 

No. Ps ia  mmHg Ps i mm Hg Dynam i c To ta l  % 

1 14.602 755 0.017 0.86 0.44 0.0006 99.5 

2 14,603 755 0.016 0.84 1.03 0.0014 98.8 

3 14.611 756 0.005 0.26 51 .OO 0.0570 37.0 

4 14.601 755 0.019 0.97 2.15 0.0029 97.8 

5 14,601 755 0.019 0.97 2.11 0.0029 97.8 

6 14.615 756 0.003 0.16 75.80 0.0940 18.3 



Contours of constant velocity / average velocity. 

Figure 32. Exit plane velocity map for Griffith 
diffuser with area ratio = 2. 

Figure 33. Exit plane velocity map for Griffith 
diffuser with area ratio = 3. 



Figure 34. Tufts of string attached to Griffith diffuser 
wall indicate steadiness of flow when suction 
i s  a p p l i e d .  

Figure 35. Motion of tufts indicate flow separation and 
reversal when no suction is applied. 



Figures  32 and 33 show e x i t  p l ane  v e l o c i t y  maps f o r  t h e  d i f f u s e r  w i t h  

s t a b l e  ope ra t i on  when operated w i t h  area r a t i o s  o f  2 and 3 r e s p e c t i v e l y .  

The contours o f  cons tan t  e x i t  p l ane  v e l o c i t y  e x h i b i t  a  f l a t  p r o f i l e  f o r  t he  

major  p o r t i o n  o f  t h e  e x i t  f l ow .  F igures  34 and 35 show photographs o f  the 

d i f f u s e r  w i t h  and w i t h o u t  s l o t  suc t i on .  T u f t s  o f  s t r i n g  a t tached  t o  t he  

d i f f u s e r  w a l l  i n d i c a t e  t h e  f l o w  t o  be comple te ly  a t tached  when adequate 

s u c t i o n  i s  app l i ed .  Flow sepa ra t i on  and reve rsa l  a r e  no ted  t o  occur  when 

no s u c t i o n  i s  app l i ed .  

F i gu re  36 summarizes t h e  e f f e c t  o f  s l o t  s u c t i o n  r a t e  upon t he  d i f f u s e r  

e f f e c t i v e n e s s  f o r  area r a t i o s  o f  2, 3  and 4 t o  1 .  There i s  a  miniimum s l o t  

0 10 20 3 0 40 50 

S l o t  s u c t i o n  r a t e ,  % 

F i g u r e  36. E f f e c t  o f  s l o t  s u c t i o n  r a t e  on G r i f f i t h  d i f f u s e r  performance. 
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suc t ion  r a t e  requ i red  f o r  unseparated f low f o r  each area r a t i o .  This  m in i -  

mum r a t e  goes up s i g n i f i c a n t l y  as the  area r a t i o  i s  increased. Below t h i s  

minimum ra te ,  the  d i f f u s e r  e f fec t iveness  i s  very low because separat ion 

occurs upstream o f  the suc t i on  s l o t .  Increasing the  suc t i on  r a t e  has no 

appreciable e f f e c t  u n t i l  t he  minimum r a t e  requ i red  f o r  unseparated f l ow  i s  

surpassed. As p rev ious l y  discussed, o n l y  quas i -s tab le  opera t ion  was pos- 

s i b l e  w i t h  suc t i on  ra tes  between the very minimum requ i red  f o r  unseparated 

f low and the minimum requ i red  f o r  completely s t a b l e  operat ion.  

I t  i s  be l ieved t h a t  the f o l l o w i n g  f a c t o r s  account f o r  the h igh  suc t i on  

ra tes  requ i red  by the G r i f f i t h  d i f f u s e r .  Each f a c t o r  i s  r e l a t e d  t o  the  

geometric design i n  the v i c i n i t y  o f  the  suc t i on  s l o t .  

( 1 )  The computer design program used had two weaknesses: 

(a) I t  was somewhat inaccurate i n  the  region o f  h igh  v e l o c i t y  

g rad ien ts .  I n  t h i s  region, which included the suc t i on  s l o t ,  

there  were considerable d i f f e rences  between the  wa l l  ve loc-  

i t i e s  prescr ibed t o  the design program and the  corresponding 

w a l l  v e l o c i t i e s  computed by the ana lys is  program. Reasonably 

good agreement was achieved between prescr ibed and p red i c ted  

v e l o c i t i e s  f o r  the regions upstream and downstream o f  the 

zone o f  dece lera t ion .  

(b) The program d i d  n o t  p rov ide  f o r  the reduct ion  i n  the d i f -  

fuser  f l ow  r a t e  downstream o f  the s l o t .  I f  the  branch f l o w  

out  of  the s l o t  had been p rope r l y  accounted f o r ,  the geometry 

i n  the  v i c i n i t y  o f  the  s l o t  would have been s i g n i f i c a n t l y  

a f fec ted ,  a l though the  geometry f a r  downstream from the s l o t  

would be on l y  s l i g h t l y  a f fec ted .  



(2) A sharp 1 i p  r a t h e r  than a  rounded 1 i p  was used downstream o f  

t he  s u c t i o n  s l o t .  Th i s  would be accep tab le  i f  t h e  s tagna t i on  

s t r eam l i ne  separa t ing  s l o t  f l o w  f rom downstream d i f f u s e r  f l ow  

cou ld  t e rm ina te  p r e c i s e l y  on t h e  sharp edge. For s t a b l e  f low,  

however, t h i s  i s  n o t  f e a s i b l e ,  and t h e  s tagna t i on  s t r eam l i ne  

moves downstream o f  t h e  lower l i p .  Th i s  i n  t u r n  requ i res  t he  

f l o w  between t he  s tagna t i on  s t r eam l i ne  and t he  lower l i p  t o  

make an "S" - shaped pa th  i n  e n t e r i n g  t h e  s l o t .  See F igu re  

37. A r e a l  f l u i d  would l i k e l y  separate un less a d d i t i o n a l  

s u c t i o n  i s  a p p l i e d  t o  enable t he  ex i s tence  o f  a  smal l  "' locked- 

in "  eddy. Th i s  phenomenon i s  s i m i l a r  t o  t he  bubble around 

t h e  l ead ing  edge o f  an a i r f o i l  when t h e r e  i s  a  f l o w  rea t t ach -  

ment. See F igu re  38. 

F i gu re  37. Flow p a t t e r n  requ i red  
a t  sharp lower l i p .  

F i g u r e  38. Locked-in eddy 
downstream o f  s l o t .  

A volume f l o w  balance, was made on t he  G r i f f i t h  d i f f u s e r  w i t h  area 

r a t i o s  o f  2 and 3. The i n l e t  volume f l o w  ra tes -we re  determined f r o m  t he  

i n l e t  dynamic pressure measurements, t he  s u c t i o n  r a t e s  through each s u c t i o n  

s l o t  and each s i dewa l l  were measured i n d i v i d u a l l y  by f l o w  meters, and the  



e x i t  f low r a t e s  were determined f rom e x i t  p l ane  v e l o c i t y  measurements a t  91 

l o c a t i o n s  as mentioned i n  paragraph 4.4. The same v e l o c i t y  measurements 

were used t o  o b t a i n  t h e  e x i t  p lane  v e l o c i t y  maps shown as F igures  32 and 33. 

Table I I  shows the  r e s u l t s  o f  these t e s t s .  

TABLE 1 1 .  GRlFFlTH DIFFUSER FLOW RATE BALANCE 

AR = 2 AR = 3 

I n l e t  f l o w  r a t e  12.12 CFS (0.343 m3.sec) 6.95 CFS (0.196 m3/sec) 

Suc t ion  f l o w  r a t e  3 3.33 CFs (0.094 m /sec) 2.33 CFS (0.066 m3/sec) 

E x i t  f l o w  r a t e  8.41 CFS (0.248 m3/sec) 4.09 CFS (0.1 16 m3/sec) 

The d i f f e r e n c e  between t h e  i n l e t  f l o w  r a t e  and t he  sum o f  t he  e x i t  and 

s u c t i o n  f l o w  r a t e s  was about 3.1% and 7.6% f o r  AR = 2 and AR = 3 r e s p e c t i v e l y .  

6.3 CIRCULAR ARC DIFFUSER 

P r e l i m i n a r y  t e s t  runs on t he  c i r c u l a r  a r c  d i f f u s e r s  w i t h  area r a t i o s  

and var ious  s l o t  l o c a t i o n s  a r e  summarized i n  t he  Appendix. These runs were 

used t o  determine t he  geometry r e s u l t i n g  i n  h i ghes t  d i f f u s e r  e f f e c t i v e n e s s .  

6.3.1 SINGLE-SLOT DIFFUSER 

A summary o f  t e s t  runs w i t h  t h e  se lec ted  geometry d i f f u s e r  and o f  t e s t  

runs w i t h  a doub le - s l o t  d i f f u s e r  i s  g iven  i n    able I I I .  

Run numbers 7 through 18 i nvo l ved  t e s t s  on c i r c u l a r  a r c  d i f f u s e r s  w i t h  

one s u c t i o n  s l o t  per  curved w a l l  and w i t h  an area r a t i o  o f  2.5. l n l e t  

v e l o c i  t y  was approx imate ly  250 f t / sec  (76.2 m/sec) and i n l e t  Reynolds number 

was 230,000. The s i dewa l l  s u c t i o n  r a t e  was about 3.5%, and t he  s l o t  s u c t i o n  

was v a r i e d  f rom 0.0 t o  10.0%. 



Figures  39 and 40 show the  r e s u l t s  o f  run  no. 7, which used 80% t o t a l  

s l o t  s u c t i o n  through t h e  two 3/16 i nch  (0.476 cm) s l o t s .  F i gu re  39 shows 

good c o r r e l a t i o n  between t h e  measured and p r e d i c t e d  va lues o f  w a l l  pressure 

c o e f f i c i e n t  and c e n t e r l i n e  v e l o c i t y  up t o  t he  v i c i n i t y  o f  t h e  j u n c t i o n  o f  

the  c i r c u l a r  a r c  w a l l  and t h e  e x i t  p l a t e .  Considerable d e v i a t i o n  between 

measured and p r e d i c t e d  values occurs a f t e r  t h i s  j u n c t i o n  p o i n t .  F i gu re  40 

shows the  h o r i z o n t a l  and v e r t i c a l  v e l o c i t y  p r o f i l e s  taken a t  va r i ous  planes 

downstream f rom the  d i f f u s e r  ent rance.  The h o r i z o n t a l  v e l o c i t y  p r o f i l e s  

i n d i c a t e  t h a t  t h e  s i dewa l l  s u c t i o n  was adequate t o  ma in ta i n  a  two-dimensional 

f l o w  p a t t e r n .  The v e r t i c a l  v e l o c i t y  p r o f i l e s  i n d i c a t e  no f l o w  reve rsa l  i n  

t he  planes o f  v e l o c i t y  t r ave rse ,  a l though t h e  f l o w  i s  skewed toward t he  

bot tom w a l l .  The asymmetry o f  t he  f l o w  was developed du r i ng  t h e  process o f  

s e t t i n g  t he  t e s t  c o n d i t i o n s .  Once t h e  f l ow  was skewed toward one w a l l ,  a  

cons iderab le  excess o f  s u c t i o n  had t o  be a p p l i e d  t o  t h e  oppos i t e  wall t o  

s h i f t  t he  f l o w  p a t t e r n .  The d i f f u s e r  e f f e c t i v e n e s s  was 84.8% and Lhe t o t a l  

p ressure  loss  was 13.4% o f  t he  i n l e t  dynamic pressure o r  0.46% o f  the i n l e t  

t o t a l  pressure.  

F igures  41 and 42 show the  r e s u l t s  o f  run no. 8, which used t he  same 

d i f f u s e r  as run no. 7, b u t  w i t h  t h e  s l o t  s u c t i o n  r a t e  reduced t o  4.3%. The 

d i f f u s e r  e f f e c t i v e n e s s  was reduced f rom approx imate ly  85% t o  70%. F igu re  

41 i n d i c a t e s  a  l a r g e r  d e v i a t i o n  between measured and p r e d i c t e d  c e n t e r l i n e  

v e l o c i t i e s  f o r  t h i s  run compared w i t h  t h e  p rev ious  run. Th i s  was as 

expected, s i n c e  f l o w  separa t ion  and reve rsa l  were much more severe w i t h  the  

reduced s l o t  s u c t i o n  used i n  t h i s  run. The y e r t i c a l  v e l o c i t y  p r o f i l e s  

shown i n  F igure  42 v e r i f y  t he  f l o w  reversa l  and t he  r e s u l t a n t  pvor  v e r t i c a l  

v e l o c i t y  d i s t r i b u t i o n .  Some pre fe rence  f o r  t h e  bot tom w a l l  i s  shown, 



Run no. 7 3/16 i n  (0.476 cm) s l o t  @ 15' Area r a t i o  - 2.5 Vinlet= 254 f t /sec (77.5 m/sec) 

n = 84.8% S lo t  suct ion - 10.0% S.W. suct ion = 3.1% Reynolds number - 230,000 

Piass* 0 . 4 6 %  PtVi- 14.627 psis (756 mm Hg) PSPi- 14.128 ps ia  (730 mn ~ g )  P ~ , ~ , -  pa - 14.500 ps ia  (749 m ng) 

Bottom wa l l  

- 0 . 8  
(Experimental) 

0 Top wa l l  

-1. (Experimental) 
0. 0.2 0.4 0.6 0.8 1.0 1.2 

A r c  d is tance from entrance / i n l e t  he ight  
Wall pressure d i s t r i b u t i o n  

F igure jg. Wall pressure and cen te r l i ne  v e l o c i t y  d i s t r i b u t i o n  f o r  c i r c u l a r  a r c  d i f f u s e r  w i t h  ofle s l o t  per  wa l l  

F igure 40. Ve loc i t y  p r o f i l e s  f o r  c i r c u l a r  a r c  d i f f use r  w i t h  one s l o t  per wa l l  



Run no. 8 3/16 i n  (0.476 cm) s l o t  @ 15' Area r a t i o  - 2.5 Vinletm 255 f t / sec  (77.7 m/sec) 

n - 70.0% S l o t  suct ion - 4.3% S.W. suct ion - 3.3% Reynolds number = 230,000 

Ploss= 0.89% P  .= 14.790 ps ia  (764 mn Hg) P .= 14.284 ps ia  (738 mm H ~ )  PS,e- Pa - 14.590 ps ia  (754 mn ~ g )  
t . 1  5.1 

-0, 

-Pred ic ted 
(Computer ana lys is )  

Bottom wa l l  
(Experimental) 

-0.8 

Arc distance from entrance / i n l e t  he ight  
Wall pressure d i s t r i b u t i o n  

-1. 

Figure 41. Wall pressure and cen te r l i ne  v e l o c i t y  d i s t r i b u t i o n  f o r  c i r c u l a r  a r c  d i f f u s e r  w i t h  one s l o t  per wa l l .  

0 Top wa l l 
(Experimental) 

Hor izonta l  v e l o c i t y  p r o f i l e s  

Figure 42. Ve loc i t y  p r o f i l e s  f o r  c i r c u i  

0. 0.2 0.4 0.6 0.8 1.0 1.2 

a i  arc  d i f f use r  w i t h  one s l o t  p e r  wa l l  



particularly at the exit plane. The horizontal velocity profiles indicate 

again that the sidewall suction enabled the existence of a two-dimensional 

flow pattern. 

Figures 43 and 44 show the results of run no. 9, which utilized no 

slot suction. The diffuser effectiveness dropped to 26%. The early 

deviation between measured and predicted centerline velocities indicates 

early flow separation -- probably in the vicinity of the suction slot. The 

vertical velocity profiles indicate a very poor vertical velocity distribu- 

tion, with severe flow distortion and reversal. The horizontal velocity 

profiles show that a reasonably well-established two-dimensional flow 

pattern existed in spite of the poor vertical distribution. 

Run numbers 10, 11, and 12 were similar to run numbers 7, 8, and 9, 

except that a 1/16 inch (0.159 cm) continuous slot was used for suction 

instead of a 3/16 inch (0.476 cm) continuous slot. The behavior of the 

diffuser was very nearly the same for the two slot sizes when equal suction 

rates were app 1 i ed. 

Run numbers 13, 14, and 15 uti 1 ized 3/16 inch (0.476 cm) diameter holes 

spaced 0,281 inch (0.715 cm) apart for slot suction. Figures 45 and 46 

show the results when 9.1% slot suction and 3.4% sidewall suction was 

applied,, The diffuser effectiveness was 59.5%, compared with 84.8% when 

using a continuous slot and applying equal suction rates. Sufficient slot 

suction was applied to result in a reasonably distributed (nearly full 

channel) flow. A considerably higher adverse pressure gradient existed 

along the curved wall with distributed flow than with little or no slot 

suction. The lack of slot suction near the junction of the sidewall and 

the row of holes caused separation to occur near the sidewall. The 



Run no. 9  3/16 i n  (0.476 cm) s l o t  @ 15' Area r a t i o  - 2.5 Vinlet- 252 f t / sec  (76.8 rn/sec) 

n = 26.0% S l o t  suct ion - 0.0% S.W. suct ion - 3.2% Reynolds number - 230.000 

P ~ ~ ~ ~ =  2.12% P,, i= 15.084 ps ia  (779 mn Hg) Ps, i- 14.578 ps ia  (753 mn Hg) PS,e- Pa= 14.690 psis (759 mn Hg) 

Pred ic ted 
(Computer ana l ys i s )  

Bottom wa l l  

-0.8 
(Experimental) 

0. 0.2 0.4 0.6 0.8 1.0 1.2 
Arc d is tance from entrance / i n l e t  he ight  

Wall pressure d i s t r i b u t i o n  Center l ine v e l o c i t y  d i s t r i b u t i o n  

Figure 43. Wall pressure and cen te r l i ne  v e l o c i t y  d i s t r i b u t i o n  f o r  c i r c u l a r  arc  d i f f u s e r  w i t h  one s l o t  per  w a i l .  

F igure 44. Ve loc i t y  p r o f i l e s  f o r  c i r c u l a r  a r c  d i f f u s e r  w i t h  one s l o t  per wa l l  



Run no. 13 3/16 i n  (0.476 cm) ho les @ 15' Area r a t i o  - 2.5 Viniet - 253 f t / s e c  (77.2 m/scc) 

n - 59.5% S l o t  suc t i on  - 9.1% S.W. suc t i on  - 3.4% Reynolds number - 230,000 

Ploss - 1.20% PtSi - 14.839 ps ia  (767 mm Hg) PF.; - 14.338 p s i a  (741 mm Hg) PSVe- Pa - 14.600 psis (755 mm H9) 

Wail pressure d i s t r i b u t i o n  

F igure 45. Wall pressure and c e n t e r l i n e  v e l o c i t y  

- I .  

Z - d i s tance  from  entrance^/ i n l e t  he igh t  
Cen te r l i ne  v e l o c i t y  d i s t r i b u t i o n  

0 Top wa l l  
(Experimental) 

d i s t r i b u t i o n  f o r  c i r c u l q r  a r c  d i f f u s e r  w i t h  3/16" suc t i on  ho les.  

0. 0.2 0.4 0.6 0.8 1.0'  1.2 
Arc d is tance from ent rance / i n l e t  he iah t  

X - Distance from l e f t  s idewal l  / channel w id th  
Hor izonta l  v e l o c i t y  p r o f i l e s  

Y - Distance from c e n t e r l i n e  / l oca l  channel he igh t  
V e r t i c a l  v e l o c i t y  p r o f i l e s  

F igu re  46. Ve loc i t y  p r o f i l e s  f o r  c i r c u l a r  a r c  d i f f u s e r  w i t h  3/16" suc t i on  ho les.  



h o r i z o n t a l  v e l o c i t y  p r o f i l e s  show t h i s  sepa ra t i on  and f l o w  reve rsa l .  W two- 

dimensional  f l o w  p a t t e r n  was obv ious l y  n o t  achieved. I f  t he  geometry had 

been arranged so as t o  have a  h a l f - h o l e  a t  each end o f  t h e  row o f  s u c t i o n  

ho les ,  t he  separa t ion  near t h e  s i dewa l l  p robab ly  would n o t  have occur red .  

Runs 16, 17, and 18 were s i m i l a r  t o  runs 13, 14, and 15 except t h a t  

1/16 i nch  (0.157 cm) ho les  spaced .0937 i nch  (0.238 cm) a p a r t  were used f o r  

s l o t  suc t i on .  Again, t he  d i f f u s e r  e f f e c t i v e n e s s  was cons ide rab l y  lower 

than when a  cont inuous s l o t  was used w i t h  equal s u c t i o n  ra tes .  

A volume f l o w  r a t e  balance was made f o r  t e s t  no. 7, w i t h  t h e  r e s u l t s  

shown i n  F igu re  47. Good agreement i s  i n d i c a t e d  f o r  t h e  var ious  t ransverse  

planes o f  measurement. A  maximum d e v i a t i o n  o f  approx imate ly  3% occur red  a t  

the  p lane  Z = 2.0. Several  a d d i t i o n a l  volume f l o w  r a t e  balances were made, 

bu t  the  r e s u l t s  were n o t  as good as t e s t  no. 7. Genera l l y ,  t he  r e s u l t s  

became poorer  as f l o w  separa t ion  and reversa l  became more severe. 

F i gu re  47. Measured f l o w  r a t e s  a t  va r i ous  
t ransverse  p lanes f o r  run no. 7. 



6.3 .2  DOUBLE-SLOT D l  FFUSER 

Tes t  numbers 19 through 23 were made on a  c i r c u l a r  a r c  d i f f u s e r  hav ing 

two s l o t s  per  curved w a l l .  The f i r s t  s l o t  was 3/16 inch  (0.476 cm) wide 

and l oca ted  15' f rom t h e  d i f f u s e r  ent rance;  t he  second s l o t  was 1/16 inch  

(0.155 cm) wide and l oca ted  50' f rom the  d i f f u s e r  ent rance.  A l l  t e s t s  were 

made w i t h  an i n l e t  v e l o c i t y  of  250 f t / s e c  (76.2 m/sec) and an area r a t i o  o f  

4 t o  1 .  W i th  t h i s  area r a t i o ,  each curved w a l l  was a  complete qua r te r -  

c y l  i nder .  

F igures 48 and 49 show the  r e s u l t s  f o r  t e s t  no. 19, which used a  t o t a l  

s l o t  s u c t i o n  r a t e  o f  9.54%. The v e r t i c a l  v e l o c i t y  p r o f i l e s  and t he  cen te r -  

l i n e  v e l o c i t y  d i s t r i b u t i o n  i n d i c a t e  t h a t  t he  f l o w  d i s t r i b u t i o n  i s  skewed 

toward t he  bot tom w a l l .  The p re fe rence  o f  t h e  f l o w  f o r  t op  o r  bottom w a l l  

was discussed i n  paragraph 6.3.1. The d i f f u s e r  e f f e c t i v e n e s s  was 46.6%, 

which was cons iderab ly  less  than t he  72.5% e f f e c t i v e n e s s  ob ta ined  i n  pre-  

l i m i n a r y  t e s t  no. 3 (see ~ p ~ e n d i x ) .  Th i s  p r e l i m i n a r y  run was made w i t h  t h e  

same t e s t  c o n d i t i o n s  as run no. 19, bu t  o n l y  one s u c t i o n  s l o t  was used i n  

the  preB iminary  t e s t .  

Tests  20 through 23 used l ess  s l o t  s u c t i o n  than t e s t  19, r e s u l t i n g  i n  

even lower va lues of  d i f f u s e r  e f f e c t i v e n e s s .  The doub le - s l o t  t e s t  runs 

were thus n o t  successfu l  i n  improving d i f f u s e r  performance over  t h a t  

ob ta ined  w i t h  a  s i n g l e  s l o t  pe r  w a l l .  The i n f l e x i b i l i t y  i n  r e l a t i v e  s l o t  

l o c a t i o n  and independent s l o t  s u c t i o n  r a t e  c o n t r o l  prevented f i n a l  conclu- 

s ions  f rom be ing  reached on t he  f e a s i b i l i t y  o f  two s l o t s  pe r  w a l l .  I t  i s  

apparent t h a t  the  downstream s l o t  was n o t  e f f e c t i v e ,  and might  have been 

e f f e c t i v e  o n l y  i f  loca ted  f a r t h e r  upstream. 



Run no. 19 3/16 i n  (0.476 cm) s l o t  @ 15O Area r a t i o  = 4.0 V.  Inlet = 252 f t / sec  (76.8 m/sec) 
1/16 i n  (0.159 un) s l o t  @ 50' 

q - 46.6% S l o t  suc t i on  = 9.54% S.W. suc t i on  - 3.5% Reynolds number = 230,000 

Ploss - 1.71% P . - 14.877 ps ia  (770 mm Hg) P . - 14.378 ps ia  (744 m Hg) PS,e = Pa = 14.600 ps ia  (755 mm Hg) 
t,I S , I  

0. 0 .2  0.4 0.6 0.8 1.0 1.2 
Arc d is tance from entrance / i n l e t  he igh t  

Wall pressure d i s t r i b u t i o n  

F igure 48. Wall pressure and c e n t e r l i n e  v e l o c i t y  

0 Experimental 

Z - d is tance from entrance / i n l e t  he ight  
Cen te r l i ne  v e l o c i t y  d i s t r i b u t i o n  

d i s t r i b u t i o n  f o r  c i r c u l a r  a r c  d i f f use r  w i t h  two s l o t s  Per w a l l  

Hor izonta l  v e l o c i t y  p r o f i l e s  

-0.50 -0.25 0 .0  0.25 0.50 
Y - Distance from c e n t e r l i n e  / l oca l  channel he ight  

Ve r t i ca l  v e l o c i t y  p r o f i l e s  

F igure 49. Ve loc i t y  p r o f i l e s  f o r  c i r c u l a r  a r c  d i f f use r  w i t h  two s l o t s  per  wa l l  



6.3.3 CIRCULAR ARC DIFFUSER SUMMARY 

Table I l l  summarizes t h e  r e s u l t s  o f  t e s t s  made on t h e  c i r c u l a r  a r c  

d i f f u s e r .  

Tes t  S l o t  Area I n l e t  V e l o c i t y  % Suc t ion  
No. Geomet r y  R a t i o  F t /sec  M/sec S l o t s  S idewa l l s  

7 3/16'' (0.476 cm) 2 5 254 77.5 10.0 3.1 
cont inuous @ 15' 

8 3/16" (0.476 cm) 2.5 255 77.7 4.3 3.3 
cont inuous @ 15' 

9 3/16" (0.476 cm) 2.5 252 76.8 0.0 3.2 
cont inuous @ 15' 

1 0  1/16" (0.159 cm) 2.5 254 77.5 8.5 3.6 
cont inuous @ 15' 

1/16" (0.159 cm) 2.5 
cont inuous @ 15' 

1/16" (0.159 cm) 2.5 
cont inuous @ 15' 

3/16" (0.476 cm) 2.5 
ho les  @ 15' 

3/16" (0.476 cm) 2.5 
ho les  @ 15' 

3/16" (0.476 cm) 2.5 
ho les  @ 15' 

1/16'' (0.159 cm) 2.5 
ho les  @ 15' 

1/16" (0.159 cm) 2.5 
ho les  @ 15' 

1/16" (0.159 cm) 2.5 
ho les  @ 15' 

J( 

A l l  t e s t  runs were made w i t h  an i n l e t  Reynolds number o f  230,000. 
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TABLE I I I 
( ~ o n t  ' d) 

Test S l o t  Area I n l e t  V e l o c i t y  % Suct ion 
No. Geometry Rat io  Ft/sec M/sec S l o t s  Sidenia1Ts 

19 3/16" (0.476 cm) 4.0 252 76.8 9 . 5  3 *  5 
continuous @ 15' 
1/16" (0.159 cm) 
continuous @ 50' 

To ta l  I n l e t  ( * " s t a t i c  - P Total Pressure Loss Ef fec t iveness  
Test Pressure S Y ~  s, i % o f  I n l e t  ri 

No. Psia mmHg Ps i mm Hg Dynamic Tota l  % 

7 14.627 755 0.372 19.2 13.4 0.46 84.8 



Figure 50 summarizes the effect of slot suction rate upon diffuser 

effectiveness for the various circular arc geometries tested. For an area 

ratio of 2.5 and with continuous suction slots, the diffuser effectiveness 

increases from approximately 30% to 85% as the percentage suction increases 

from 0% to 10%. As shown in the Appendix, preliminary test runs indicated 

a maximum effectiveness of 87.4% for this geometry. Using holes instead of 

a continuous slot but with the same area ratio, the diffuser effectiveness 

Figure 50. Effect of slot suction rate on circular arc diffuser performance. 



increases f rom approx imate ly  30% t o  60% as t h e  percentage s u c t i o n  increases 

f rom 0% t o  10%. Wi th  t h e  doub le - s l o t  c o n f i g u r a t i o n  and an area r a t i o  o f  

4.0, t he  e f f e c t i v e n e s s  increased f r om approx imate ly  18% t o  47% w i t h  t he  

same range o f  s u c t i o n  ra tes .  For t h i s  c o n f i g u r a t i o n ,  however, n e i t h e r  the  

s l o t  p o s i t i o n s  nor  t he  r e l a t i v e  s l o t  s u c t i o n  r a t e s  were n e c e s s a r i l y  

op t im ized .  

I n  o r d e r  t o  determine t he  t r a n s i t i o n  Reynolds number, a s e t  o f  t e s t s  

were made on t he  c i r c u l a r  a r c  d i f f u s e r  hav ing a 3/16 i nch  (0.476 cm) con- 

t i nuous  s l o t .  The area r a t i o  was 2.5, and t h e  s u c t i o n  percentages were 

mainta ined cons tan t  a t  approx imate ly  10% and 3% through t h e  s l o t s  and  s ide-  

w a l l s  r e s p e c t i v e l y .  l n l e t  v e l o c i t i e s  were v a r i e d  f rom 30 f t / s e c  (9.1 m/sec) 

t o  250 f t / sec  (76.2 m/sec), cor responding t o  a  v a r i a t i o n  i n  i n l e t  Reynolds 

number f rom 30,000 t o  230,000. F igu re  51 shows t h e  r e s u l t s  o f  these t e s t s .  

l n l e t  Reynolds numb.er x 10 -3 

F igu re  51. E f f e c t  o f  Reynolds number on c i r c u l a r  a r c  d i f f u s e r  performance. 



There i s  apparen t l y  a  t r a n s i t i o n  reg ion  i n  t he  range o f  Reynolds numbers 

f rom 30,000 t o  50,000, a f t e r  which t he  d i f f u s e r  e f f e c t i v e n e s s  i s  e s s e n t i a l l )  

cons tan t .  For  p r a c t i c a l  cons ide ra t i on ,  t h e  d i f f u s e r  e f f e c t i v e n e s s  i s  

v i r t u a l l y  independent o f  Reynolds number s i nce  t he  t r a n s i t i o n  range i s  ve ry  

low. 

SECTION V I I  

CONCLUS l ONS 

The a p p l i c a t i o n  o f  s l o t  s u c t i o n  i n  s h o r t  two-dimensional curved w a l l  

d i f f u s e r s  t o  improve performance was i nves t i ga ted .  The performance o f  two 

d i f f u s e r  designs was eva lua ted  expe r imen ta l l y .  

7.1 GRUFF ITH  DIFFUSER 

Experimental  r e s u l t s  i n d i c a t e  t h a t  a  two-dimensional d i f f u s e r  u t i l i z i n g  

the  concept o f  a  concentrated dece le ra t i on  zone incorpora ted  w i t h  s l o t  

s u c t i o n  i s  f e a s i b l e  i f  s u f f i c i e n t  s u c t i o n  can be a p p l i e d  t o  p reven t  f l o w  

separa t ion .  A n e a r l y  un i f o rm  e x i t  v e l o c i t y  d i s t r i b u t i o n  and a  d i f f u s e r  

e f f ec t i veness  o f  approx imate ly  98% were achieved when ope ra t i ng  wi t h  e x i t  

area t o  i n l e t  area r a t i o s  o f  2, 3 and 4 t o  1 and s u c t i o n  r a t e s  up t o  45% o f  

the i n l e t  f l ow .  The c o r r e l a t i o n  between measured va lues o f  v e l o c i t y  and 

w a l l  pressure and values p r e d i c t e d  by p o t e n t i a l  f l ow  analyses was very  good 

when s u f f i c i e n t  s u c t i o n  was a p p l i e d  t o  prevent  f l o w  separa t ion .  

The s l o t  s u c t i o n  r a t e  requ i red  f o r  s t a b l e  unseparated f l o w  was 16% a t  

an area r a t i o  o f  2. Quas i -s tab le  unseparated f l o w  was achieved w i t h  a  s l o t  

s u c t i o n  r a t e  as low as 12%. I f  a  f l o w  d is tu rbance  caused separa t ion ,  the  

s u c t i o n  r a t e  had t o  be increased aga in  t o  16% t o  r e s t o r e  t he  unseparated 



f l ow .  For ope ra t i on  a t  area r a t i o s  o f  3 and 4, t he  corresponding s u c t i o n  

ra tes  were 36% and 45% f o r  s t a b l e  ope ra t i on .  The au thors  b e l i e v e  t h a t  t he  

p r imary  reason f o r  t h e  s i g n i f i c a n t l y  h i ghe r  s u c t i o n  r a t e  percentages a t  t he  

h i ghe r  area r a t i o s  might  be t he  sma l l e r  volume f low through t h e  sma l le r  

i n l e t  area o f  t he  t e s t  d i f f u s e r  which was used f o r  h i ghe r  area r a t i o s .  The 

t o t a l  volume removed by s u c t i o n  was o n l y  s l i g h t l y  h i ghe r  a t  h i ghe r  area 

r a t i o s  than a t  lower area r a t i o s .  

I n  a l l  cases, t h e  d i f f u s e r  performance decreased a b r u p t l y  when t he  

s u c t i o n  r a t e  was inadequate t o  ma in ta i n  unseparated f l ow .  The reason f o r  

t he  s u c t i o n  r a t e  be ing h i ghe r  than t he  es t imated  minimum i s  assumed t o  P ie  

p a r t l y  i n  t h e  d i f f i c u l t y  o f  des ign ing  an optimum s l o t  geometry. Combining 

p o t e n t i a l  f l o w  and boundary l a y e r  analyses i n c l u d i n g  s u c t i o n  i n t o  one des ign 

program should lead  t o  a  d i f f u s e r  r e q u i r i n g  a  sma l l e r  s u c t i o n  r a t e  f o r  

unsepa ra t ed  f l ow. 

7.2 CIRCULAR ARC DIFFUSER 

The e f f e c t i v e n e s s  o f  t he  c i r c u l a r  a r c  d i f f u s e r  was increased f rom 

approx imate ly  30% t o  85% by i nc reas ing  t he  s l o t  s u c t i o n  r a t e  f rom 0% t o  10% 

w h i l e  ope ra t i ng  w i t h  an e x i t  area t o  i n l e t  area r a t i o  o f  2.5 t o  1 .  Th i s  

r a t i o  was near t h e  upper l i m i t  i f  t h e  f l o w  p a t t e r n  a t  t h e  d i f f u s e r  e x i t  was 

r e s t r i c t e d  t o  be ing s t a b l e  and d i s t r i b u t e d ,  and t h e  s u c t i o n  r a t e  was 

r e s t r i c t e d  t o  10%. 

The optimum l o c a t i o n  o f  t he  s u c t i o n  s l o t  was 15' f rom the  d i f f u s e r  

ent rance,  which was near the  l o c a t i o n  o f  f l o w  separa t ion  when no s u c t i o n  was 

appl  ied .  

No l a r g e  d i f f e r e n c e  i n  d i f f u s e r  performance was observed between the  

use o f  s u c t i o n  s l o t  w id ths  o f  3/16 i nch  and 1/16 inch.  Continuous s l o t s  



were more e f f e c t i v e  than c l o s e l y  spaced holes when us ing  the  same percentage 

suc t ion  ra te .  When holes were used the in f luence o f  the  suc t ion  was not  

u n i f o r m i l y  d i s t r i b u t e d .  Thus there  were regions w i t h  inadequate suct ion,  

p a r t i c u l a r l y  a t  the  j unc t i ons  of  t he  curved w a l l s  and the  s idewal ls .  I n  a l l  

t e s t s  which used suc t ion  holes, separat ion occurred i n  those regions. 

A reasonably good c o r r e l a t i o n  between p o t e n t i a l  f l o w  ana lys is  p red ic -  

t i o n  and experimental  r e s u l t s  of v e l o c i t y  and pressure d i s t r i b u t i o n  ex i s ted  

upstream o f  f low separat ion. Downstream o f  separat ion, p red i c ted  and 

experimental r e s u l t s  diverged as expected. 

The doub le-s lo t  t e s t  runs were no t  successful  i n  v e r i f y i n g  the design 

concept o f  using two s l o t s  per curved wa l l  f o r  h igher  area r a t i o s  such as 

4, This was p r i m a r i l y  because the t e s t  set-up d i d  no t  p rov ide  f o r  moving 

the l o c a t i o n  o f  the  downstream s l o t  r e l a t i v e  t o  the  upstream s l o t  nor  d i d  

i t  prov ide  f o r  independent con t ro l  o f  the suc t ion  r a t e  through the two s l o t s .  

The upstream s l o t  should have received a h igher  percentage o f  the suc t i on  

f low. The downstream s l o t ,  which was located a t  50°, might have been 

e f f e c t i v e  on l y  i f  located f a r t h e r  upstream. Considerable f l o w  separat ion 

and reversal  occurred r e s u l t i n g  i n  a  d i f f u s e r  e f fec t i veness  o f  o n l y  47% a t  

10% suct ion.  
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APPEND l X 

PRELIMINARY PERFORMANCE TESTS ON CIRCULAR ARC DIFFUSER 

Run S l o t  % Suc t i on  Area E f f e c t i v e n e s s  F l ow  
No. S i ze  Loca t i on  S l o t  S idewal l  R a t i o  r l ,  % P a t t e r n  

P I  3/16'' 15" 0.0 0.0 4.00 23.2 E x i t e d  a t  
c e n t e r  

P2 3/16'' 15" 9.2 0.0 4.00 56.0 E x i t e d  a t  
c e n t e r  

P 3  3/16" 15" 9.7 3.2 4.00 72.5 S tab le ,  a t t ached  
t o  bo t tom 

E x i t e d  a t  
c e n t e r  

P5 3/16'" 15" 9.4 0 .0  3.00 58.1 E x i t e d  a t  
c e n t e r  

P6 3/16" 15" 9.6 3.1 3.00 80.2 S tab le ,  a t t ached  
t o  bot tom 

P 7  2/16'" 15" 9.7 0.0 2.75 60.1 E x i t e d  a t  
c e n t e r  

P 8  3/16'" 15" 9.7 3.0 2.75 84.9 S t a b l e  and 
d i s t r i b u t e d  

P9 3/16" 15" 9.9 0.0 2.50 62.0 E x i t e d  a t  
c e n t e r  

P I 0  3/16" 15" 8.4 2.8 2.50" 85.5 D i s t r i b u t e d  
and s t a b l e  

.L 

P I 1  3/16" 1 59  9.7 3.2 2.50" 87.4 D i s t r i b u t e d  
and s t a b l e  

P I 2  3/16" 20" 9.5 0.0 4.00 56.0 E x i t e d  a t  
cen te r  

P13 3/16'" 20" 10.1 3.1 4.00 68.8 Unstab le  

P 1 4  3/16'' 20° 9.7 0.0 3.00 59.2 E x i t e d  a t  
c e n t e r  

P 1 5  3/16" 20" 10.0 3.2 3.00 79.1 S tab le ,  a t t ached  
t o  bot tom 



APPEND l X 
( ~ o n t  Id) 

Run S l o t  % Suction Area Ef fec t iveness  Flow 
No. S i z e  Location S l o t  Sidewall Rat io  rl ,  % P a t t e r n  

P16 3/16" 20" 9.7 0.0 2.75 59.5 Exited a t  
c e n t e r  

PI7 3/16" 20" 9.3 3.0 2.75 81.5 S t a b l e ,  a t t a c h e d  
t o  hottom 

P I 8  3/16" 20" 9.7 3.2 2.75 76.0 Unstable 

P19 3/16" 20" 9.7 0.0 2.50 61.4 Exited at 
c e n t e r  

P20 3/16" 20" 7.8 3.0 2.50 82.3 S t a b l e ,  a t t a c h e +  
t o  bottom 

P21 3/16" 20" 8.3 3.1 2.50 78.5 Unstable 

P22 3/16" 25.7" 10.0 0.0 4.0 41 -4 Unstable 

P23 3/16" 25.7" 10.1 3.3 4.0 36.7 Attached to 
too wa l l 

P24 3/16" 25.7" 10.2 0.0 3.0 51.1 Exited a t  
c e n t e r  

P25 3/16" 25.7" 10.3 3.2 3.0 46.4 Attached t o  
 to^ wa l l 

P26 311 6" 25.7" 10.2 0.0 2.75 52.2 Exited a t  
c e n t e r  

P27 3/16" 25.7" 10.2 3.1 2.75 50.0 Attached t o  
top 

P28 3/16" 25.7" 10.4 0.0 2.5 55.7 Exited a t  
c e n t e r  

P29 3/16" 25.7" 10.2 3.1 2.5 56.8 Separated 
from top 

P30 1/16" 15" 7.6 3.4 4.0 67.1 Separated 
from top  

P31 1/16'' 15" 7.7 3.3 3.0 72.5 Sepa ra t ed  
from too 



APPEND l X 
( ~ont ' d) 

Run Slot % Suction Area Effectiveness F l o w  
No. Size Location Slot Sidewall Ratio 0 ,  % Pattern 

P32 1/16'' 15" ' 8 . 0  3.3 2.75 78.4 Separated 
f rorn top 

.(r 

P33 l /16E'  15" 8.0 3.3 2.50" 84.1 Distributed 
-1. 

P34 1/16" 15" 8.5 3.4 2.50" 85.1 Distributed 

2. 

Best performance geometry 
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