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I .  SUMMARY

Di ffusers for subsonic flow may be designed to achieve high recov-

ery of kineti c energy in the fo rm of pressure by use of slot suction

and a proven analytical technique . This basic concept, know n as the

Gri ffi th di ffuser , has been thoroughly demonstrated for axially syninetri c

di ffusers and briefly attemped wi th so-called two—dimensional di ffusers .

Herein a boundary layer analysis has been applied to a candidate design

to determi ne the amount of sidewall bleed requi red for boundary layer,.”
control . The analysis predicts that about one percent of the entering

fl ow, properly arranged, can insure attached flow.

Based on the total bleed requi rement of the diffuser , a thrust

analysis has been performe d to determine the relati ve meri ts of the

Gri ffi th di ffuser and a conventional short di ffuser. The Gri ffi th di f-

fuser is expected to produce about 5% greater range at cruise and about

6% greater thrust at a take-over condition . These resul ts are expected

to hold or be surpassed in a more detailed system analysis having the

capability of varying the vehicle afterbody to optimi ze thrust.

Based on the above prediction , it is reconinended that a two-dimen-

sional diffuser be tested to document the prediction of bleed requi re-

ment and perfo rmance.

1
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II. INTRODUCTION

Short curved wall  diffusers having contours designed by using an

inverse solution of potential flow theory , have demonstrated high effi-

ciency in converting flui d kinetic energy to stati c pressure [l]1 . The

shortness in axial length and uni formi ty of exit velocity distribution

of the di ffuser are attracti ve for applications where these character-

istics are essential. The inve rse soluti on method [2] speci fies the

di ffuser inlet , exit, and wall velocity distributions in a transformed

plane , (
~-~) or veloci ty potential and stream function plane , wi thout

prior knowledge of the diffuser shape. The solution is in the form of

a ln (q~ distribution throughout the (~—* ) domain. Through a transfo r-

mation the physical shape of the di ffuser is readi ly determi ned.

For the potential flow theo ry to be accurate in the application of

di ffuser design , the boundary layer throughout the flow field mus t be

kept thin. To fulfill this requirement, the wall velocity distribution

is prescribed in three distinct regions , namely, an inlet wall region,

an exit wa ll region and a slot region . Maintaining a constant or

slightly accelerated velocity distribution in the first two regions in-

sures a minimal layer growth . An abrupt deceleration takes place with-

in the slot region to accomplish the change in wall velocity from a

high value in inlet wall region to a low value ‘in the exit wall region.

Boundary layer control in the form of bleeding or suction in the slot

regi on enables the remaining flow within the boundary layer to navi gate

the strong adverse pressure gradient.

~ Numbers in brackets are References at the end of the paper.

2
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When the pressure level of the flow at the slot region is above

the ambient, the boundary layer can be bled merely by providing an open-

ing to the ambient. When the pressure level is below the ambient pres-

sure energy must be provided to pump the fl ui d to ambient pressure.

This type of contoured wall is similar in vel ocity distribution over the

upper surface in shape to the high lift ai rfoi l designed by A.A. Gri ffith

[3]. To distinguish this type of curved short di ffuser from other em-

pirically deri ved curved wall diffusers , we re fer to the curve d short

dif fusers as Gr i ffi th di ffusers . The amoun t of flu id whi ch must be

bled can be predi cted by applying Taylo r ’s criteri on [4] wh i ch requi res

the flu id with i n the boun dary l ayer to possess a mi n imum amoun t of k i ne-

tic energy (or velocity) to overcome an imposed pressure gradient. This

requi rement implies that the characteristi cs of the boundary layer of

the flow entered and the local pressure jump determine the slot bleed

rate. The pressure jump in this case reflects the diffuser area ratio.

In certain flow systems, the flow enters the di ffuser having a thin

boundary layer, so the slo t b leed rate woul d be low enou gh to be at trac-

ti ve i n us i ng such type of di ffuser.

In a Gri ffith diffuser, the only pressure loss is due to friction.

By the very nature of the di ffuser it could be very short, there fore ,

even the skin friction woul d be a very minute amount. Experi mental data

[5 1 further sugges t that the Gri ffi th di ffuser not only operates stably

wi th a distorted flow distribution but also a di sturbence at the i n le t.
In bel l shaped and annular diffusers , only the slot b leedi ng i s to

be concerned with , whereas in a two—dimensional di ffuser, one needs to

also conside r the scheme of bleeding over the parallel walls. In such

two-dimensional di ffusers there exits a pai r of parallel walls in addi-

3 

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



—~~—-- —,~~~~~~~~~ ----

tion to the pair of contoured walls. A three-dimensional boundary lay-

er develops on this pair of parallel plane walls and is exposed to a

range of pressure gradients. Near the region of the abrupt wall velocity

change along the junction of the diverging curved wall and the parallel

plane wall , the adverse pressure gradient is strong and the flow would

separate from tne parallel walls provided there is no means of control-

ling the boundary layer. Away from the junction toward the center por-

tion of the diffuser the boundary layer over the nlar.e walls is subject-

ed to a relatively milder adverse pressure gradient yet in most of the

short diffusers it is sufficiently strong to require some degree of

boundary l ayer control . Thus a distributed boundary layer bleed rate

would be necessary to yield a total parallel wall bleed rate low enough

for practical application . tip to now experiments conducted for two-

dimensional diffusers used a uniform bleeding scheme for the parallel

walls and the total bleed rate was generally much higher than desired

5’.

In a ramjet appl ication , high effectiveness of the subsonic dif-

fuser is desired . Air within the subsonic diffuser has much higher pres-

sure than the ambient which facilitates boundary l ayer bleeding , there-

fore the Griffith type diffuser presents itself to be a potential cand-

idate for such an application. -

The objective of this phase of investigation isto assess the merits

of a two-dimensional Griffith type subsonic diffuser for ramjet applica-

tions when compared to a comparable short length straight wall diffuser.

The selection of the two-dimensional diffuser is determined from ramjet

technology rather than diffuser considerations. Generally a technology

gain in a system element which , by itself , allows a range or thrust growth4
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is anticipated to result in a multiplied effect greater than it~ sole

‘incorporaticn. This effect may usually be used to advantage by alter-

ing the overall desi gn of the vehicle to allow best vehicle performance.

Such activity is beyond the scope of the effort reported herein.

The effort described Ii, the fol lowinq first addresses the theoret-

ica l assessment of sidewall bleed flow rates required for the diffuser.

In an ideal situation the suction rate is everywhere varied but in a

practical system the ideal is approached by perhaps a two- or three-step

permeability wall . The technology for such a wall is reasonably well

advanced by using porous materials. Such technology is not expected to

require a large cost increase because there are no special active con-

trols or moving parts.
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I I I .  DI FFUSE R DE SI GN AND BOUNDARY LA Y ER ANALY SIS

Diffuser Contour

Using the Clemson University Potential Flow Inverse Solution Corn-

puter Program [5] to design two-dimensional contoured wall di ffusers ,

one speci fies the di ffuser inlet and exit veloci ty distribution and the

velocity distribution along the contoured walls. In this analytical in-

vestigation a symmetric di ffuser was considered therefore only one con-

toured wall was involved. The design inputs specifi ed were un i form,

but not necessarily parallel flow upstream and parallel flow downstream.

The velocity along the contoured wall gradually accelerated by 10% m ined-

iately upstream of the bleed slot and took a rapid drop to 0.4 of the in-

let vel ocity across a narrow slot. Since the design i nput does not spec-

ify di rectly the area ratio and the exit height to centerl i ne length , a

trial and error procedure was used to yield a di ffuser geometry having

an area ratio of 2.5 and an exit height to centerline length ratio of

1.0.

Seve ra l computer runs were made . Among them , two were near the

geometrical specifi cation and were selected to be shown in Figures 1 and )
2. From the computer output the location was selected where the stream-

lines are virtual ly parallel ; this location was designated as diffuser

inlet. The fi rst design has an area rati o of 2.49 and exit to length

ratio of 1.036 and the second has the ratios of 2.499 and 0.9. Either

of the designs should be conside red close enough to the speci fications.

6 
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In the potential flow , th i rty streaml i nes were used to represent

one half of the symmetric 2-0 flow field. Five of the thirty were stream-

lines making up the flow field of the suction slot. The remaining 25

streaml i nes constitute the entire flow field downstream of the suction

slot and the greatest part of the field upstream of the suction slot.

In subsequent analysis the dimensions of the diffusers were:

Inlet Heigh t 2 i nches

Exit Height 4.98 inches and 4.998 inches

Centerl i ne Length 5.159 inches and 4.498 inches

Boun dary Layer Ana lysi s

~~~. Slot Bleeding Requirement

In prepar ing the input for the potential flow inverse solution

computer p rogram , the slot bleeding rate must be speci fied. Additiona

ana lysis is necessary to veri fy that the specifi ed slot bleeding rate

meets the Taylor cri terion. Based on previous experi ence , a 3% slo t

bleed was assume d. Us i ng the i nverse solu ti on an d Herr i ng an d Me l lor ’s

program [7], a turbulen t boun dary layer anal ys i s was performed hav i ng a

one-seventh power law distribution , a displacement thickness of 0.002 ft,
UcS*and a Reyno l ds number — — -  = 1900 as initial conditions along a two—dimen-

sional contoured surface. From the output of the Herring amd Mellor

program, the boundary l ayer profile immediately upstream of the slot was

used to exami ne the adequacy of the 3% slot bleeding rate. The Taylor

cri terion states that ~j~- 
= 

~~ 
(~~~)2 or u 1 = 0.94 U1 for present

designs. The velocity terms used in Taylor’s cri terion are depicted in

Figure 3.

7
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The resul ts of this analysis showed that the boundary layer ime-

diately upstream the slot had a displacement thickness of 0.0008 ft and

u < 0.94 U involved 1.44% of the flow. For both contoured walls a

slot bleed of 2.88% of the entering flow is adequate to meet the Taylor ’s

cri terion. The computer output for the boundary layer development im-

mediately upstream of the slot and the velocity profile of the second

des~ç~n are shown in Appendix I and Figure 11 respectively.

b. Pa ra l le l Wall  Blee d Requ i reme nt

In the computation of parallel wall bleed requirement , every th i rd

of the thirty streamlines mentioned in potential flow inverse solution

output were analyzed. Appropriate bleed rates were applied along each

of the anal yzed streaml i nes as a means of boun dary l ayer con trol to

preven t flow separation over the parallel walls.

The boundary l ayer development over the parallel walls is of three-

di mensional nature . The spreading effect was approximated by consider-

ing each streanwiise step of the boundary l ayer computati on to be analo-

gous to flow over a segment of a diverging cone. The equi valent cone

segment geometry was established from the veloci ty distribution obtain-

ed from the poten ti al flow i nverse solu ti on.

The boundary l ayer analysis thus performed was option #4 of the

Herring and Mellor computer program. To initiate the boundary layer

computation , a 0.002 ft. initial displacement thickness with a one-

seventh power law profile for air at 1000°F and the maximum air veloc-

ity of 400 ft/sec were assumed. Opti on #4 of the program assumes that

the boundary layer is turbulent. A displacement of 0.002 ft. is a rea-

sonable estimate for a flow i mmediately downstream of a shock wave 

~~ .. --.-..——— ______
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stabi lizing bleed system, and should result in turbulent flow.

Figure 4 shows a map of distribution of velocities no rmal to the

parallel wall surface for the second di ffuser design . Based on the map

the total bleeding for two parallel walls was computed and It amounts

to 0.7% of the through flow . The through flow was assume d to have an

average velocity of 357 ft/sec at the diffuser inlet where the passage

area is .0694 ft2 (2 inches in height and 4.998 inches in width). I~i

the vicinity of the slot (shaded area of Figure 4), owing to the high

adverse pressure gradient, the bleed velocity requi rement exceeded the

limit of Herring and Mellor ’s anal ys i s where good accura cy can be assur ed .

The total bleed rate however , rema i ns a good estimate because there is

only a very limi ted area where the analysis is questionable. The corn-

puter printout which summari zes the boundary layer develo pment of eac h

analyzed streaml ine is presented as Appendix II. The slot bleed for

controlling the flow along the curved walls amounts to approximately 3%.

No corner effect at the junction between the curved walls and the side-

wal ls  was cons idered i n the anal ysis.

The second design is slightly shorter than the fi rst design , thus

hav ing a smaller sidewall area. Streamlines of the second design , be-

cause of being shorter in length , are subjected to a stronger adverse

pressure gradient; thus , higher bleed velocities would be required along

some of the stream tubes . The overall sidewall bleed , howeve r , shoul d

rema i n nearl y the same for both des igns .

Perhaps it is worthy to mention that the boundary l ayer development

over the parallel walls was also analyzed by conside ring the boundary

layer bei ng two-dimensional. Two-dimensional analysis is a less accurate

simulation than the cone-segment approach . The bleed distributions of

9
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the two-dimensional boundary layer analysis are shown in Figures 5 and 6.

The firs t design required 1.3% of the entering flow for total parallel

wall bleed and the second design required 1.1%.

10

_ _ _ _  ~~~~~ ~~~~ .~~ . . ~~~~~~~~~~~~~~~~~~



- ~~~. .—- ~~~ .-.. —~~~~~~~~~~ - -.-- — ---~~~~~ - - .~~~~~~~~~~~~~~ - - -~~~~~~~~ - -~~~-, . ~~~~~~~ - ~~~~~~~~~~~~~~~~

IV. RAMJET THRUST COEFFICIENT AND RANGE

The following air-cycle analysis was carri ed out for the purpose

of examining the potential improvement in ramjet performance by using a

Gri ffith subsonic diffuser which requires boundary layer bleeding. The

effect of greater pressure is to allow greater thrust from the engine

flow while the bleed flow dimini shes net thrust due to its contribution

to increased ram drag. The analysis is conducted to determine the net

effect.

To present a quantitative discussion some of the operating and geo-

metrical parameters were assigned wi th specifi c values. The analysis

first computed thrust coefficient CT vs. subsonic diffuser efficiency

~ 
(Total pressure at di ffuser exit/Total pressure at diffuser inlet)

with MiM
_ Mb and as parameters . Here M, represents the inlet flow ,

l’ i

Mb is the bleed mass flow required for both shockwave stabilization and

subsonic di f fuser  and A,,/A 3 denotes the inlet area to combustor area

ratio.

It was assumed that a bleed rate of 10% of the inlet flow is re-

quired to stabilize the shock location and 4% additional bleed is re-

quired to operate the Gri ffith type subsonic diffuser. Five values of

A,,/A 3 ranging from 0.25 to 0.30 were assumed , with combustion tempera-

tures of 2400 R. This allowed CT to approximate 0.25 which is the as-

sumed vehicle drag coefficient.

Based on the calculations of C1 versus area ratio A /A 3, the inlet

size can be determined which allows CT = C0 = 0.25. This can be done

for both Gri ffi th and conventional diffusers . The engine airfl ow for

11-
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bo th may be computed readily and the fuel flow is proportional to the

engine air flow. The range is inversely proportional to the fuel flow

allowing the vehicles with alternate diffusers to be easily compared by

range alone.

The vehicles equipped with the alternative diffusers may then be

operated at lower-than-cruise velocity to compare them at a take-over

conditi on. An analys i s of the net thrus t coef fic ient at such a supp ress-

ed Mach number is presented.

In the discussion section , high performance diffusers of other

types reported in the recent literature were also considered and com-

pared with Gri ffi th di ffusers.

To allow the most fair comparison wi thin a single analysis the

follow ing ground rules are met:

Isentropic supersonic inlet up to a normal shock at M~ 
= 1.4

A one dynami c head loss at the combustor dump

Combustion temperature 2400°R

Rayleigh line (constant area) combustion

Isentropic flow in the nozzle

Nozzle exit area = 0.9 of combustor area

The details of analysis are presented , followed by a discussion of

the resul ts obtained.

Analys i s

Figure 7 depicts the ranliet wi th the relevant stations of the analy-

sis designated.

12 
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For the purpose of comparing the performance of operation wi thin

the range of practical interest, the following were assumed.

a. Assumed operating conditions

M = 2.5

10,3 = (T o) max = 2400°R the fi rst subscript 0 denotes

stagnation condi ti on

dumping from 2x to 2y

b. Assumed geometrical parameters

Two side mounted inlets
A2 x

Subsonic di ffuser area ratio r— = 2.5

A
—

~~ took the values of 0.25, 0.26, 0.27, 0.28 , and 0.30A 3

A2y A 3

Ae . 9 A3

c. Inlet region

For comparative purposes only, an isentropic process was

assumed up to the normal shock , then

Po ,x = Po,,,

The normal shock took place at Mx = 1.4 , therefore

Po ,y = .9582 Pa ,,,

d. Subsonic diffuser

From station y to station 2x, the flow is governed by the

following equations :
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(1) Po,2x 
~t 

Po ,y

The values of r~~ used in computation were 1.0 , .975 ,

.95 , .925 , .9, .85 , .8 ,. 75 and .70

(2) (pAV) 2x = (~AV ) y

(3) (
~~

+ CPT)2~ =(
~~

+ CPT)~ with C~ = .24

(4) p = pRT with R = 53.35

e. Dumping process

After the flow reaches stati on 2x , its Mach number is suf-

ficiently low (M2x = 0.2) that an incomp ressible flow approxi-

mation is acceptable. It was assumed in the computation the

total pressure loss of this dumping process to be one dynami c

head at station 2x.
2

P0,2y = Po ,2x - %~ V 2x

To satisfy the continuity requi rement the following rela-

tion holds .
A2x

A 2x V 2x = A2~V 2~ • or V2y = V 2x

The area ratio requi red for calculating V2y was determined from

the following equation

A,, 
- 

1A ,,, ~ (A 1*~ A~ A~ A2x A2y
A 3 ~.. A1 ~ = 2.5 t Ax I M = 1 .4 A~ A2 x A2y A 3

2.5

14 
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f. Contusto r Flow

A Rayleigh line , constant flow area combus tion process

was assumed. The heat addition in non-dimensional form Cq
was expressed as follows.

— _ _ _ _ _ _ _ _ _ _ _Cq a 2
( y — l 2 ~(y -  g 2 ~

where q = C~ (2400 - T0 ) .

Here the constraint of maximum total temperature of

2400°R was imposed.

For computational convenience M*, the reference Mach num-
ber , and a*, the reference velocity of sound , were introduced

where

(i~~ l) 
a2 +½ v 2 =½ (T~~~)a*2

For ~‘ = 1.4

= ‘i where ~4* = 1..

The energy continuity and momentum equations then take the

following forms

(a~
)2 (1 + Cq ) = a 3*2

(pa*M*)2y = (pa*M*)3 A2~ = A3
and P2y a2~

2 (1 + M2*2) = p3a~2 ( 1 + M~ 2)

Upon the completion of combustion

1 + M2*2 - ,J (i - M2*2)2 - 4Cq M2*2M * =  
2112* JT~~ Cq

15
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The temperature and p ressure rat i o are :

- 240013 - 

+ 1 M 32

___  1 1 *  (1 _ 1
~L..i M*2)

~~~ = I l + C  
2 y + l  ~

P2y q 
M 3* (1 - 

+ 
-~ M2*2)

g. Nozzle flow

The flow through the converging-diverging nozzle was as-

sumed to be isentro pic . Us ing

/ 1
A 1 ( 1 + ’Y

~~ M2~~2 ( y _ l )
e \ y + l  )

2 /

the A~ was computed from the value of M3. Knowing A * in terms

of A 3 and assume Ae = .9A3, the above equation was used to com-
pute Me~ 

the exit Mach number. The followi ng equat ions were
used for computing the ex i t veloc ity Ve and exi t pressure 1

~e

V 49.01 M ( 2400
e 

~s,l + ~~~~
l Me2)

I
y - l  - -

(I 4 Y 1 M Z )

/ \ y - l
~1 ÷ Y~~~

l
M2)

h. Thrust coefficient

Define the thrust coefficient C1 as follow ing I -

16 
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- ThrustCT -

~~~~~ V~~A 3

The thrust was computed as fol l owing

Thrust = (M~ - Mb) V e - M1V,, + 

~ e - P,c,) Ae
= MiVe 

- M
~
V,, + 

~ e 
- 1~=’~ 

Ae - MbVe

The last term MbVe is the ram drag associated wi th bleeding .

p 3V 3 V 11. (p - p ,,) A
T p V  V M . - M  p V ~ 

.
~~~~i b

Resu lt s and Di scuss ion 
—

Figure 8 shows C1 vs 
~t 

for T 0,3 = 240O~R , p = 14.7 psia , M 2.5

with 
M
~~
_ :

b and as parameters. Figure 9 is a similar plot for

M = 2.1 — = .28 and .30 with 1 = .9 and .86.A 3 M 1

Figure 8 was prepared about CT = .25 to exami ne the potential gain

of mi ss i le range when the Gr i ff i th type d iffuser i s used. Figure 9 may

be used to exam i ne the potent ial ga in i n CT at take-over operation .

a. Range

Assume a ramjet cru i s ing at M,, = 2.5 requires that C1 = .25. Further

assume (1) a normal shock at the inlet of a short straight wall subson-

ic diffuser would require 10% bleeding [8] to stabilize the shockwave

location and (2) the Gri ffith subsonic diffuser requires 4% addi tional

bleeding downstream of shockwave bleeding to yield a value 
~t 

of 0.98

[5] for the subsonic di ffuser . On Figure 8, a point is designated “Con-

vent ional Dif fuser ” for the ramjet wi th conventional diffuser 0.75). -:

17
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A
Such a design needs an area ratio (w hi ch reflec ts the mass flow ) —

~~~A 3

of 0.27 and 1
M 

TMb = 0.9 to produce a C1 value of 0.25. A CT of 0.25

also can be proth~ced by a ramjet having the Gri ffith type diffuser of

Mi - M bthe same area ratio arid M . = 0.86. Such a point is designated

“Gri ffi th Di ffuser” on Figure 8. The range ratio of these two ramjets

is the inverse of the ratio of air flow being heated for those ramjets,

since the heat addition per unit mass is constant. Therefore

[M~ - M A
M~ 

b 
~~ p,,A 3V,,

Ran ge Gri ffith Diffuser Ramjet 
= conventional diffuser

Ran ge Conventiona l Diffuser \M~ 
- Mb A,,

Ramjet ~ M~ ~~ p,,A 3V,,

Gr i ffi th Diffuser

or there i s a potential ga i n of 4.6% i n range.

b. Take-over Thrust Coefficient

Assume take-over Mach number to be 2.1 , and two ramjet geometries

both have a shoc k wave at a M
~ va l ue of 1.4. The CT values for both

ramjets can be readily obtained. Figure 9 shows that at = .75 and

Mi - M b -

= 0.9, that is, for a ramjet with conventional diffuser , the CT

11. - Mbvalue is .244. At 0t = .98 and 1
11 = .086, that is, a ram.jet with

Gr i ffi th dif fuser one may have C1 value of .259 or a gai n in C1 of 6.1%.

The growth in excess thrust is anticipated to greatly favor the Gri ffith

diffuser.

18 
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Comparison with Other High Performance Dif f use rs

In each case which follows , based on an early NASA Langley study ,

we assessed that 10% bleed was necessary to stabilize the shock loca-

tion . This bleed also provides a thin boundary l ayer to the subsonic

diffuser which follows immediately downstream of the normal shock [8].

The total pressure ratio of a two-dimensional Griffith diffuser of

area ratio 2.5, length to exit width ratio of approximately one is esti-

mated based on test data as = 0.98, requiring an additional four per-

cent bleed as diffuser suction . Incompressible test data for Griffi th

d i ffusers of circular cross section , annular cross section , and a two-

dimensional diffuser (slot bleeding requirement alone for two-dimension-

al diffuser [6]) have shown that one can accurately predict the bleed

requirement . The method of bleed prediction involves boundary l ayer

growth calculat ion and use of Taylor ’s criterion . These calculations

are simple and well understood ; therefore, one is reasonably confident

of the extrapolation of test data to operation in the compressible flow

regime .

The diffusers of Cranfield institute of Technology reported by

Adk ins (9], and NASA Lewis diffusers reported by Povinell i [101 are con-

sidered as high performance diffusers . It is very difficult to extra-

polate with certainty the incompressible test data to high subsonic

Mach number operation for Adkins ’ work . The primary difficulty is that

the mechanics of controll ing a pressure field by using trapped vortices

is less understood than are simple boundary layer effects. In the case

of NASA Lewis diffusers (Stratford and dm/dz diffusers), the tested dif-

fusers were several times longer (
~~ = 12 , 6 where ~R is the width of

19
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the annular passage at diffuser exit) than Griffith diffusers and Cranfield

diffusers . The values of Stratford and dm/dz type diffusers with 2

are therefore difficult to estimate. Short , annular dump diffusers with

area ratios of four to one when tested up to inlet Mach numbers of 0.27

and with bleed of 13.5 have achieved diffuser effectiveness of 70% as report-

ed by Juhasz of NASA LRC [11]. The incompressible data translates to a total

pressure ratio of 0.75 approximately. This performance indicates that a

short diffuser ’s effectiveness could be deqenerated rapidly if the suction

is applied without additional means of control the pressure distribution .

The Juhasz test data and data of Reference 12 form the basis of assuming

.75 for conventional short diffusers without suction. This also agrees

with diffuser performance data as reported in the Bulletin of the Japanese

Society of Mechanica l Engineering, Reference 13, indicatin g that a short

two-dimensional diffuser with angles of expansion up to 90° and area ratios

of four to one wi th 3 to 4% suction were able to achieve a maximu n diffuse”

efficiency of 7O~. This incompressible test data translates to an value

of 0.76. The above discussion was summarized in Figure 10 which is repro-

duced from Figure 8 wi th the estimated zones of performance of several types

of diffusers added to it. The performance of comparably short diffusers has

been estimated by diminishing the performance reoorted for the long diffusers

in accordance with experience. This graoh should be viewed as merely an

educated guess.
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V. CONCLUSION

Herein an attempt has been made to compare the estimate perfor-

mance of vehicles equipped with convention al and unconventional diffusers

where mi nimum di ffuser length s a requirement . The benef it of i ncrease d

pressure is offset by the detriment of the ram drag of any necessary

bleed air. The use of the Griffith diffuser is estimated to afford an

increase of abou t 5% in cruise range at M = 2.5. At an assumed take-over

cond i t i on of M = 2 .1 , its use results in a 6% thrust advantage over a

:onven tiona l diffuser. Neither of these results has made use of modifi-

cations to the vehicle (base and boattail drag) which should further en-

fiance the advanta ge of the advanced diffuser. The 4% bleed requirement

includes 1% for parallel wall bleed which is an analytical prediction and

remains to be verified experimentally.

The relative comparison between Griffith and other advanced con-

cepts favors the Griffith diffuser. However , the comparison is based

on extrapolation of low velocity data for some or represents correction

for the effect of a constant area diffuser extension for others. There-

fore , the comparison must be understood as being relatively uncertain.

21
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V!. RECOMMENDATIONS

1. ~n ‘:xperirr€ntal investi gation to veri fy the bleed requirement of the

parallel wall is necessary . It is essential that a si mple bleed

scheme should be developed .

2. An experimental investigation should be conducted to examine the

pos sibliity of replacing a major part of contoured di ffuser wall

surface by segments of plane surfaces to reduce the cost of fabri-

cat i on. The effect of bleed requirements due to contour modifica-

tiori should also be exami ned experimentally.
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FIGURE 3. VELOCITY DESIGNATIONS IN TAYLOR’S CRITERION .

3 A e

FIGURE 7. STATION DESIGNATION OF A RAMJET .
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