
EXPERIMENTAL INVESTIGATION OF TURBULENT WALL- 
JETS IN THE PRESENCE OF ADVERSE PRESSURE 

GRADIENTS IN A RECTANGULAR DIFFUSER 

LLOYD BACK and ROHIXT Ci.FFt:L* 

Jet Propulsion Laboratory. Pasodenia. CA 91103. U.S.A. 

(Receit,ed 10 December 198 I ) 

Abstract-An experimental study ofwall static pressure distributions and mean velocity profiles along a duct 
and dimuser downstream of wall-jet injection was conducted over a range of dilTuser total angles from I5 to 
40” at injection to core flow mass flux ratios from 0 to 6. Pressure recovery in the diffuser increased with injection 
ratio and decreased with dilTuser total angle. Peak velocities in the wall-jet decayed along the flow and the 
inner shear layer and outer mixing region grew in thicknessalong the flow. The inner layer was near similariIy 
condition, but non-similar variations were found in the outer layer. Estimated wall shear stresses depended 
upon injection mass fluxes, downstream distance and dilTuser total angle. Greater decay of peak velocity and 

larger friction coefficients were found in the diffuser than indicated by correlations from dala for a wall-jel 
without a pressure gradient. At the largest dilTuser total angle and the highesl injection ratio flow reversal 

occurred in the core region. 

NOIlENCI.ATURE 

friction coefficient ; 
pressure coefticient ; 
distance between the effective origin of the 

jet and injection slot; 

injection ratio. ~~,U,/~iOUo; 

static pressure ; 
stagnation pressure ; 
slot height; 

velocity component parallel to wall; 

minimum velocity in outer portion of wall- 

jet; 

peak velocity in wall-jet ; 
centerline velocity or at data point furthest 

from wall ; 
velocity midway between u, and u,; 

friction VdOCity, (SW/p)’ ’ ; 

dimensionless velocity, u/u,; 

bulk average velocity at injection slot 

location ; 
distance along dimuser plate from end of 

duct ; 
distance from injection slot to end of duct; 

x + x0, distance along wall from injection slot; 

Y* distance normal to wall; 
+ 

Y . dimensionless distance normal to wall, 

P”rYII(. 

Greek symbols 

6 C’ distance normal to wall where I( = II,; 

6 II?. distance normal to wall where u = I(,,,; 

6 

2;1.2’ 

distance normal to wall where u = u, 2; 

diffuser total angle; 

p. viscosity; 

*Present address: Walla Walla College, WA 99324, U.S.A. 

i. 

I’. 
T Y. 

distance downstream from the ell’cctive 

origin of the jet ; 
dcnsi ty ; 

wall shear stress. 

Subscripts 

j. 
0, 

r. 

condition at injection slot face; 

condition in core Row at injection slot 

location ; 
condition at first pressure tap in dilTuscr. 

ImliHILyr in ejector-type thrust augmcntors for mili- 

tary aircraft dates back to the early 1960s with the 

goal of achieving thrust augmentation ratios of 2.0, 

which later was reduced to 1.4-1.5. Subsequent testing 

on full scale aircraft produced ratios of only 1.0-1.1 

even though small scale and component tests were 

more promising. Important in this regard is a basic 

understanding of the fluid mechanics phenomena 

associated with entrainment of the secondary tluid and 

its mixing with the primary injection. Two modes of 

primary injection are center jets and coanda jets along 
the walls. 

An experimental investigation has been conducted 

at the Jet Propulsion Laboratory on the structure of 

planar turbulent wall-jets in regions of adverse press- 

urc gradients in a rectangular diffuser. In this paper 

mean flow data arc prescntcd including pressure 

recovery in the diruscr, velocity profile shape and 

variation. spreading of the wall-jet. decay of the 

maximum wall-jet velocity, and wall shear stresses. In 

the expsrimonts the dilTuser total angle 20 was varied 

from I5 to 40‘ (14.8. 24.9 and 39.9 total angles were 

used) at injection ratios \)jUJl~oUo from 0 to about 6. 
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The experimental apparatus. instrumentation and 

operating conditions are described in Section 2. the 

experimental results are reported in subsequent Sec- 

tions 3.4 and 5, and summarized in Section 6. 

Turbulent wall-jets have been investigated exten- 

sively since the early work of Glauert [ 1 J and have 

practical application in film cooling (e.g. the survey by 

Goldstein [t]) and in boundary layer control. There is 

less data on turbulent wall-jets confined in duct flows 

with adverse pressure gradients:e.g. the discussion and 

measurements in conical diffusers by Ramaprinn [3]. 

?_ EXPERIXIENTAL APPARATL’S. ISSTRCStESTAllON 
AND OPERATISG COSDITIOSS 

The experimental apparatus. shown schematically 

in Fig. I, consisted of an inlet duct. test section. 

downstream diffuser and blower. Ambient air at 296 K 

and 0.959atm. was drawn through the apparatus by 

the blower and exhausted at the other end of the room. 

The duct inlet was rounded somewhat at the entrance 

lip. To reducecore Jlow turbulence fluctuationsso that 

meaningf~~i pitot tube me~ts~Irementsco~lld be made in 

tho outer portion of the wall-jet. upstream trips and 

screens at the duct inict section were not used. The duct 

surf&c was smooth. 

The inlet duct was 17.7 cm high, had an aspect ratio 

of4, and extcndcd 107.5 cm upstream of the injection 

slot, Although thr insidc height of the inlet duct varied 

along the tlow path, the channel width did not change 

up to the downstream dilTuscr. The inside height 

gradually dcurcascd along a distance of 7 cm More the 

injection slots to allow for the two. O.I96cm high 

injLYtion slots, one on lop, the other on the bottom. 

Downstream of the slots the duct height was 12.7~cm. 

and the duct continlled a distance of s,, = i-t.tlcm 

downstream of the injection slots. The straight diNuser 

plates on the top and bottom fitted tlush to the end of 

the duct and pivoted on a 0.952cm corner radius to 
provide the various divergent an&s tested. 

The f?ow along the lower half of the test section was 

investigated (Fig. 2). The lower plates of the duct and 

dilfuser contained 0.51 mm diu wait static pressure taps 

at 2.54cm intervals along the wall. The upper plates 

contained slots along thccenterhne and par&cl to the 

injection slot Qust downstream of the injection slot) 

through which probes were inserted. The pitot tube 

was made from a 0.10X cm O.D. tube that was flattened 

and filed to a 0.15 mm tip height. The pitot tube was 

r WALL JET 

VARIABLE PLATE 
28 = IS’, 25’, 40” 

traversed normai to the wall and was inclined 5-10 

toward the wall to ensure that the tip touched the wail. 

The inclination of the pitot tube permitted measure- 

ments in the outer region of the shear layer e\en with 

the largest total angle of the diffuser since pitot tubes 

are relatively insensitive to yaw up to angles of lO- IS 

[4. SJ. A larger tube formed the shaft of the pitot probe 

to provide rigid support. The total pressure along the 

ten terline was measured with a 0.32 cm O.D. tube just 

downstream ofthe slot as indicated in Fig. 2. This tube 

which indicated negligible spanwise vsriation in total 

pressure was moved to one side during the pitot tube 

surveys. 

Difierences between wall static pressure tap read- 

ings, pilot pressure, and atmospheric pressure were 

obtained with oil manometers. The traversing pitot 

tube pressure was measured with a f 7 kPa (+- 1 psi) 

ditTerentiai transducer relative to a wall static pressure 

tap upstream and recorded continuously across the 

flow on an s-y plotter vs distance normal to the wail. 

The wail location was determined by electrical contact 

and the probe location was determined with a he&pot 

attached to the motorized drive screw mechanism. 

Travcrscs were made from the wall to titc contcrline for 

casts where this distnncc was within the maximum 
allowable tr~l~‘ersiiig distance of 13cm. Otherwise. the 

traverses wcrc terminated ;I[ i:!cm. in the data rc- 

duction. the static pressure was assumed to hc constant 

across lhe llow normal to the wall at the f7lCiiS~lIYd wall 

v;~lue. The to~ai tcmperaturc was;tssumcd to be that of 

the ambient air outside of the duct inlet which was 

measured with a tflcrml~c~~upfe. ~~)mpressihiiityetTccls 

were taken into account in the data reduction by 

assuming the total temperature to be invariahlc across 

the shear iaycr since the wall w~~sessentially adiabatic. 

A value of the specific heat ratio ;’ = 1.4 was used. 

Six or scvcn pilot Iuhc traverses were made across 

the cfow at various distances downstream from the 

injection slot at mosl of the cl~nlbiriati~)n of injection 

ratios and diffuser angles studied. Thcsc traverses were 

mndc at two l~~~ti~~s along thr flow in the duct 

between the injection slot and the diNuser plate at 

distances s c s,) of 5.2 and/or 10.3cm. Note that x is 

distance measured along the diffuser plate from thcend 

of the duct (Fig. I ) so that values of s + s0 in the duct 

or diffuser are distances along the wall measured from 

the injection slot. Traverses were made at five or six 

locations along the diffuser plate where the cor- 

r BLOWER 

FIN;. 1. Experimental apparatus. 





D D 

JIK wall static prcrsurs distrrhutions in the diffuser 

are shown in Fig. J for all the d~ffu.wr total angles in 

terms of the prrssurr ct&?icirnt 

where the subscript r refers to the condition at the first 

tap in the dilfusu. As was rtlso cvidcnt in Fig. 2. the 

pressurr recovery increased with injection ratio, The 

dashed curw shown III Fig. 4 is a reference curve for 

pwssure recover! for idsulizcd I -dim.. inviscid. incum- 

prcssihk core flow as dctcrmmed from ;I momentum 

halx~e between the first tap in the diffuser and 

subsequrnt downstream Irxations. Ckxly. large devI- 

ations occurred from such J simple relationship cvsn 

with no slot injection. the variations being greater at 

the larger dili‘uscr tot;ll ;lngles. 

For suhseclucnl rcfcrcncc. charaolcristic velocities 

and thichncsscs in wall-,jcts arc shown di;tpr;lmmatic- 

ally in I;ip 5. The tlistmcc norm;~I tu the WXII whcrc the 

pc;ih velocity II,,, occurs in the: wa!l-jet is dcnotcd ;IS ii,,. 

Since the locatwn dcnotcd as AC for the minimum 

velocity II,. is gncr;dly IWI will dclincd, the distimce 

ci, L is used which is ;Issociatcd with the loc:iI velocity 

duliaxl h) I,, ~. This \cIocily is Inidw;iy hctwccn I,,,, 
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FIG;. 4. Pressure ccwffkients in the diffuser, 20 = 14.8, 24.9 and 39.9”. The dashed curve is for inviscid flow. 

and u,. The characteristics II, are descriptive of the mentioned in Section 1. * . . 
snear layer adjacent to the wall. and the characteristics 

u1 ,*, 5, 2 are adjacent to the wall. and the characteris- 
Mean velocity profiles are shown in Figs. 6-8 over 

are descriptive of the mixing region 
the range of injection ratios at a diffuser total angle of 

ttcs ui 2* I *2 5 
between the wall-jet and the outer flow. In the internal 

24.9‘ at various locations along the flow. As mentioned 

flow investigated herein, local velocities beyond 3, 
previously, locations x + x0 = 5.2 and 10.3 cm were in 

either reached a plateau or gradually increased. The 
the duct between the wall-jet injection slot and the 

velocity profiles were non-dimensionalized by the 
upstream edge of the diffuser plate, while locationsx + 

value u , at the data point farthest from the wall. This 
s,, > 14.1 cm were along the dilfuser plate. Values of 

location was the lesser value of either the centerline 
I( I are shown in parentheses on the figures when not 

location or a distance of l2cm normal to the wall. as 
evaluated at the centerline. With no injection (Fig. 6) 

the developing velocity profiles in the di!Tuser became 
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FK;. 5. Characteristic velocities and thickness in wall-jets 
(diagriunmatic). 

progrcssivcly distorted from the fuller profiles in the 

duct because of the advcrsc pressure gradient in the 

dilTuscr. The s-shaped prolilcs with no injection are 

more evident in a representation involving 14’ and y+ 

which is discussed and shown subsequently (Section 5). 

With slot injection, the velocity profiles became 

peaked in the wall vicinity associated with the re- 

latively larger injectant than core flow velocities. These 

peak velocities u, then decayed along the flow, and the 

inner shear layer and the outer mixing region grew in 

thickness along the flow. 

For the entire range of dilTuser total angles and 

injection ratios the flow along the lower difTuser plate 

remained reattached in the wall vicinity as determined 

from the pitot tube traverses. At the largest total angle 

of 20 = 39.9‘ however, a dilTerent flow behavior 

occurred. With no injection, the row of yarn tufts 

attached to the upper and lower diffuser plates in- 

dicated that the Row separated from the upper diffuser 

plate, and that the entire flow followed along the lower 

wall, more or less steadily. The yarn tufts provide only 

qualitative information. A qualitative sketch of the 

asymmetric flow at this condition is indicated in Fig. 

9(a). Also. at the largest total angle of 20 = 39.9”. the 

mcasurcd pitot tube pressures were lower than the wall 

static pressures in the core flow at the highest injection 

ratio of 5.9. This indicated the pressure of reverse tlow 

in the core region as shown in a qualitative way in Fig. 

9(b). Note also that the wall static pressure docreased 

with distance along the latter part of the diffuser at this 

condition (Fig. 4). A more dctailcd study of the tlow 

licld for this condition would be required to learn 

about the actual behavior. 

The variation of characteristic vclocitics along the 

(low is shown in Fig. 10 for total diffuser angles of20 = 

14.X. 24.9 and 39.9 ‘. Peak velocities I(,, (open symbols) 
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af NO iNJECflOtu 

FIG;. 9. Qualitative flow fields for dithser total angle 
20 = 39.9’. 

decayed with distance from the injection slot in a near 

powct law manner that was obscrvcd to be inde- 

pendent of the total diffuser an&. Note that the lines 

shown in the figure are all the same at a given injection 

ratio. The depcndcnce was of the form 

(3) 

with the exponent being only slightly difierent for the 

two injection ratios, i.e. for the larger injection ratio UI 

= 5.9, a = 0.44 and for M = 2.3. a = 0.40. This 

indicates that at these injtr-tion ratios the relative dcray 

of the wall-jet did not depend upon change in flow 

direction nor deceleration imposed by the diguser. In 

section 5, scaling involving normalization of the peak 

velocity by the injection velocity; i.e. tc,,jUj and 

distance from the slot by slot height; i.e. f.\: + X&S is 

discussed. As is evident in Fig. 10, minimum velocities 

u, (u, for no injection), solid symbols, remained 

relatively constant in the duct and then decreased 

along the difluser because of core flow deceleration. 
The variation of the inner layer thickness S, at 

which peak velocity u, occurred is shown in Fig. 11 for 

total diffuser angles of 2f? = 14.8, 24.9, and 39.9’. 

respectively. The results show that the growth of the 

inner layer thickness was essentially linear with 

distance afong the wall from the injection slot. and was 

invariable with the injection ratio and the diffuser total 

angle; i.e. the lines shown in the figure are all the same. 

The angle relative to the watl for the growth of the 

inner layer was 0.93”. The effective origin for 6, was 

upstream of the slot face a distance I of about 7 slot 

heights. 

A simifar representation is shown in Fig. I2 for the 

growth of the thickness S, 1 characteristic of the outer 

mixing region where the velocity is midway between 

the peak and the minimum values. These results show 

that the growth of the thickness 6, L was linear in the 

duct. being the same for each ditfuser angle. and also 

was linear in the diffuser, but varied noticeably with the 

diffuser total angle. The angie relative to the wall for 

the growth of the thickness ,5, Z is noted on the figure. 

Higher injectant Row rates and thus velocities in- 

creased the grouth of the thickness 6, I. 

The preceding observations of characteristic veloci- 

ties and thicknesses indicate that the flow in the inner 

layer of the wall-jet was near similarity in the diffuser 

for various adverse pressure gradients associated with 

the different diffuser total angles. This is suggested by 

the linearity of the growth of the inner layer thickness 

6, and the power law decay of the peak velocity II,,, 

with distance downstream of the slot. typical of wali 

jets in constant pressure flows, e.g. see the earlier work 

by Glauert El] and Seban and Back (6J. However. 

there werevariations in the growth of the thicknessd, Z 

characteristic of the outer mixing region which al- 

though linear, was dependent upon injection ratio and 

diffuser total angle. thus indicating non-similar 

behavior. 

REC;ION 

WaII shear stresses via the friction velocity I(, = 

f?,!{))’ z were estimated to provide a reasonable fit of 

the velocity data in the viscous sublaycr to an appro- 

priatc semi-Io~~Irithmie represcntati~~n of the form 

LI ’ = a + bln(y+). (4) 

In this relation U* is the local velocity normalized by 

the friction velocity U/U,, and y+ is a nondimensional 

distance normal to the wall, pu,y/j~. The density and 

viscosity were evaluated at the wall condition. Appro- 

priate constants for the von Karman form of this 

relation are a = 5.5 and b = 2.5 in the region y+ > 30, 

and in order IO provide a match to the laminar 

sublayer relation u + = y + toy ’ = 5, the constants are 

a= - 3.05 and b = 5 in the tr~Insition layer between 

y+ of 5 and 30. The von Karman relation is shown in 

Figs. 13- 15 that span the range of injection ratios for 

which velocity profiles were measured at a diffuser 

total angle of 24.9”. However, it is evident in Figs. 

13-15 that a number of the profiles tend to lie below 

the von Karman relation in the viscous sublayer 

(measurements were made to y+ I 5) and have a 

reduced slope in this region. Consequently, in these 

cases the constants a and b were adjusted to a = 5.0, 

b = 2.1 in the region y+ > 30as indicated by the lower 

cumes shown in Figs. 13-15. Best fits in the viscous 

sublayer were then obtained to this relation and its 

extension into the transition region. 

Observation of the velocity profiles in Figs. 13-15 

indicate that reasonable fits were generally achieved in 

the viscous subhycr. There were some profiles in 

particular at the largest total diffuser angle 20 = 39.9” 

and injection ratio of 2.3 that did not have the usual 

shape. and therefore. the estimated shear stress was 

undoubtabfy in error. Rather large wake components 
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FIG. 10. Variation of characteristic velocities. 20 = 14.8. 24.9 and 39.9’. 

[7] in the outer part of the boundary layer are evident 

in the diffuser with no injection because of the adverse 

pressuregradient. With injection,velocitiesdiminished 

in the outer part of the flow because of the lower core 

flow velocities. At the largest diffuser total angle 20 = 

39.9” and the highest injection ratio of 5.9. local 

velocities decreased in the outer part of the flow and 

could not be determined at greater distances from the 

wall because the flow was reversed in this region as 

qualitatively depicted in Fig. 9(b). 

Wall shear stresses obtained in this manner are 

shown in Figs. 16-18 at diffuser total angles 20 = 14.8, 

24.9 and 39.9”. respectively, as a function of distance 

along the wall from the slot. The shear decreased along 

the flow at a particular injection ratio, the solid lines 

indicating a power law behavior 

T, x (x + .~o)-o.8. (5) 
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L J 1 

Ftc; I?. Wall shear stresses. 20 = 24.9“. 

With increasing injection rates the shear stress in- 
creased because ofhigher peak velocities in the wall-jet. 
In addition to the data acquired all along the wall at 
injection ratios of 2.3 and 5.9, data for intermediate 
injection ratios of 3.3.4.3 and 5.2 obtained from pitot 
tube traverses at a location near the end of the diifuser 
are shown also. Comparison of the values shown in 
Figs. 16-18 indicate that the level of shear stress 
decreased with increasing diffuser total angle 

f, X 0 -“.J. (6) 

With no injection there was considerable scatter in 
the data as indicated in Figs. 16-18. This is expected 
since there was erratic behavior of the yarn tufts and 
manometer oscillations which indicated unsteadiness 
in the flow at all diffuser total angles. As mentioned 
previously, at the largest diffuser total angle 20 = 39.9” 
the fiow separated from the upper diffuser plate, and 
followed along the lower wall (Fig. 9a). The dashed 
lines shown in Figs. 16-18 are all the same for no 
injection indicating that the power law dependence of 
shear stress on distance from the slot 

‘I, zc (x + .x,f-*.S 

also grossly described this data. 

The local shear stress may be expected to scale on 
the local dynamic pressure (l/2)&, associated with 
peak velocities in the wall jet. Values of the friction 
coeflicien t 

Cf L 
-=--T 2 /)Il, 

are shown in Fig. I9 as a function of distance along the 
wall from the effective origin of the wall-jet, 5 = .x + .x0 
+ 1. in terms of slot heights over the range of diffuser 
total angles at the highest injection ratio of 5.9. In this 
representation, the dependence on dithrser total angle 
is also evident and there appears to be an increase in 
the friction coefficient in the diffuser. The curve shown 
is from ref. [6] 

Cf 0.054 

z = ( UjS/k’)’ * 
(Qs)-OJ~ (7) 

which provided reasonable agreement with data for a 
wall jet without a pressure gradient. Also shown in Fig. 
19 is the decay in peak velocity retative to the injection 
velocity, i.e. u,,,/Juj, at the highest injection ratio of 5.9. 
The ratio of injection to core Row velocity Ui/UO 
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FIG. 18. Wall shear stresses. 20 = 39.9”. 
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estimated by assuming adiabatic flow in the wall jet 
supply system was about 5.4 for the injection ratio of 
5.9, and the slot Reynolds number. (Ujs/vj) = 3.2 x 
10“. The decay of peak velocity in the diffuser was 
greater than indicated by the empirical curve shown 
from ref. [63 

$ = 3.6 (&q-o J5 
1 

for a wall-jet without a pressure gradient, presumably 
because of the decreasing core flow velocity along the 
diffuser and increased mixing. Similar trends were 
found at the lower injection ratio of 2.3 ; however, since 
peak velocities u, became of the same magnitude as the 
free stream velocity u, (Fig. 10). the velocity ratios 
u,,,/Uj were above the values shown in Fig. 19 for a = 
5.9. i.e. less decay, and the friction coefficients were 
above those shown in Fig. 19 for m = 5.9, probably 
because of the lower slot Reynolds number (L’,s’vJ = 
1.02 x 10” at ttt = 2.3. 

6. SUMMARY ASD COSCl.l’SlOSS 

An experimental study of wall static pressure distri- 
butions and mean velocity profiles along a duct and 
diffuser downstream of wall-jet injcotion was con- 
ducted over a range of diffuser total angles 20. from I5 
to 40” at injection to core flow mass flux ratios from 0 
to 6. Pressure recovery in the diffuser incrcascd with 
injection ratio and tended to level out more quickly in 
the difTu.ser at the larger total angles. At the largest 
total angle, the static prcssurc subsequently decreased 
with distance along the wall at the higher injection 
rates. Downstream of the wall injection slot, but 
upstream of the diffuser entrance, the wall static 
pressure decreased presumably because of the up 
stream influence associated with the corner at the 
diffuser entrance. 

With wall injection the mean velocity profiles be- 
came peaked in the vicinity of the wall associated with 
the relatively larger injectant than core tlow velocities. 
Peak velocities in the wall-jet then decayed along the 
flow, and the inner shear layer and outer mixing region 
grew in thickness along the flow. For the entire range 
of dilktser total angles and injection ratios, the flow 
along the lower diffuser plate remained reattached in 
the vicinity of the wall. At the diffuser largest total 
angle. the flow scparatcd from the upper diffuser plate 
with no injection, and the entire flow followed along 
the lower wall. Also, at the largest total angle and at the 
highest injection ratio. Bow reversal occurred in the 
core region. 

Observations of characteristic velocities and thick- 
nesses indicated that the tlow in the inner layer of the 

wall-jet was near a similarity condition in the diffuser 
for the various adverse pressure gradients associated 
with the different diffuser total angles. The growth of 
the inner layer was linear and the peak velocity in the 
wall-jet decayed in a power law manner. Both of these 
features were essentially invariable with injection ratio 
and diffuser total angle. However, there were non- 
similar variations in the growth of the thickness, 6, *, 
characteristic of the outer mixing region which al- 
though linear, depended upon injection ratio and 
diffuser total angle. 

Wall shear stresses estimated by obtaining reason- 
able fits of the velocity data in the viscous sublayer to 
an appropriate sublayer relation, decreased along the 
Row in a power-law manner because of the associated 
decay in peak velocities in the wall-jet. and also 
accordingly, increased with injection ratio.The level of 
wall shear stress decreased with increasing dilTuser 
total angle. 

Comparison to correlation from data obtained for a 
wall-jet without a pressure gradient indicated greater 
decay of peak velocity and larger friction coefficients in 
the diffuser. 

Flow unsteadiness was observed with no injection. 
The llow was apparently more stable with injection. 

Information such as obtained in this investigation 
is of im~rtan~e in the d~~el~~prnent of theoretical 
mod& capable of predicting the performance of an 
ejector. 

A~,kttoH,/~,~~u,ne,lr-This paper presents the results of re- 
search carried out a~ the Jet Propulsion Laboratory, Califor- 
nia institute of Technology under sponsorship of the Naval 
Air Systems Command MIPR No. N~(9-76-MP-67811 by 
agreement with the Nationai Aeronautics and Space Admin- 
istration under Contract NASF100. 
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ETUDE EXPERIMENTALE DES JETS PARIETAUX TURBULENTS EN PRESENCE DE 

GRADIENTS DE PRESSION ADVERSES DANS UN DIFFUSEUR RECTANGULAIRE 

Resume-Unc etude exptrimentak des distributions de prcssion pariCtaket des profils de vitcsse Ic long d’un 
tuyau et d’un diffuseur. en aval d’une injection par jet parittal, est fai te pour des angles de diffusion de I5 140’ 
et des rapports de flux massiqucr d I’injection et en Ccoukment principal, compris entre 0 et 6. La 
reconversion de prcssion dans Ic dilTuseur croit avec k rapport d’injection et dCcroit avcc I’anglc du ddfuuuur. 
Les pointcs de vitcsse dans Ic jet pariital diminue k long de I’tcoukment tandis quc la couchc inteme de 
cisailkment et la rCgion cxteme de mClange augmentent d’hpaisscur. La couche inteme cst prochc des 
conditionsde similar&5 maisdesvariationsnon similairessont trouvCesdanslacoucheexterne. Lcs tensions 
pariCtalescstim& dCpendent dcs flux massiques inject& des distances en aval et de I-angle du ditTuscur. Unc 
plus forte dCcroissana du pit de vitesse et de plus grands coefficients de frottement sont troubts dans le 
dilTuaur quc darts un jet paStal sans gradient de pression. Pour k plus grand angle du dilTuseur et k plus 

grand rapport &injection. on observe un retour dans la r&ion ccntralc. 

EXPERIMENTELLE UNTERSUCHUNG EINES TURBULENTEN WANDSTRAHLS BE1 
ANSTEIGENDEM DRUCK IN EINEM RECHTECKIGEN DIFFUSOR 

Zusammenfassung-Die Verteilung des statischen Drucks und das Geschwindigkeitsprofil in einem Rohr 
und einem DilTusor stromab von einem eingespritzten Wandstrahl wurden experimentell untersucht. Der 
DilTusor-Gesamtwinkel lag dabei zwischen 15” und 40”. das Verhlltnis der Massenstromdichte im 
StrGmungskern und bei der Einspritzung zwischen 0 und 6. Der Druck-Riickgewinn im Diffuser nahm mit 
dem Einspritzverhiltnis zu und mit dem DilTusor-Gesamtwinkel ab. Geschwindigkeitsspitzen im Wand- 
strahl nahmcn entlangdes Stramungsweges ab. die Dicke der inneren Reibungsgrenzschicht und des luOeren 
Mischgebiets wuchsen an. Die innere Schicht gehorchte nahezu den b;hnlichkeitsbedingungen. jedoch 
kamen in dcr luOeren Schicht Stiirungen der bihnlichkeit vor. Die berechnete Wandschubspannung hingvon 
der Massenstromdichte bei der Einspritzung, der LInge des Striimungswcgs und vom Dilfusor-Gesamtwin- 
kel ab. Im Diffuser ergaben sich eine schnellere Abnahmc der Geschwindigkeitsspitzen und griif3cre 
Reibungskoeffizientcn. als dies nach Korrclationcn zu erwarten gewesen wire. die aus Daten fiir einen 

Wandstrahl ohne Druckgradienten ermittelt worden warcn. Bcim gr(iOten Diffuser-Gcsamtwinkel und beim 
htihsten Einspritzverhiiltnis trat im Kcrngcbict Riickstriimung auf. 

3KCllEPMMEHTAJIbHOE MCCJlEAOBAHME TYP6YJlEHTHhlX llPMCTE~l~lblX CTl’Yti 
flPM BO’JAEtiCTBMl.4 flOJlO~CMTEJlbHblX I-PAAMEHTOB flABIIEHMR 

B flPRMOYl-OJlbHOM AMcDcDY30PE 

AHIIOTWII~ - 3KcnepHMcnranbiioe HccJtenoaat~He pacnpenencnHR cTarHqecKol~o JUHJIC’IIHH ~a crwKc 

H npo+Hnetl cpemtel cropoc~H 110 mHtie Kaiiana H nHcbcby3opa 38 06nacTbto nnyea CTP~H rcpu 
CTellKy ~lpOROJlHJlOCb MR Jtnana3olla yrJlOa p;lCTBOp;l LlH@y3OPa OT IS no 40’ rlpn ‘111a4C~lllKX 

KO3+$HllHc~lTa saysa, MeHWoIItHxca a npencnax OT 0 no 6. Bent+qtuta Bocc’ranonJICn~K ;taaJIcuWK 
n n@+y3ope yscnt4rHeanocb c POCTOM HmewHwiocm enysa H nanana c yMeiibIucn)IcM yrJ,a 
pacmopa nw~~y3opa. MaKCHManbilblC 3liaqettHn CKO~OCTH npwcrcwlok CTPYH yw2~lb~lumCb 11JtO:Ib 
KaHana. a To apeMa KaK TonumHa ettyrpemtero cnntironoro cnon H siteuntefi O~JGXT~ CMCIIICIIHR 

yaenHqnsanaca. Bo sityTpeciiteu cnoe Ha6ntonanHcb no’ITH anToMonenbuble ycnoew. a 80 6neunlcb( 
oTh4eqanHcb oTKjioHetiHa 0T aaToMonenbnocTt4. Pacremble 3tiaqenHn itanprxellHK cJlaflra na CrenKe 
3anHcenH 0T noToKa biaccbl snyaaeh4oro ra3a. paccTonm4n But43 no noToKy H yrna pacraopa 
nu++y3opa. Ana na@#y3opa 6btnii nonyqctibl 6onec CHnbHoe CHHaceIIWe MawcttManbnoR CKopOCTH w 

6onee nblcoKt+e 3Ha4eHHn K03~+iutieiiTa ~petf~n. qetw a cnyqae npHcrern~oii CTPYH 6e3 rpanl92nra 
na8netnln. npH MaKcHbianbtrbix 3Haqe)jHnx yrna pacTeopa nw++y3opa H HnTcncHnnocrti sa)sa a r;tpe 

nOTOKa OTMe4anocb 803HHKHOBeHHe 803spaTltoro Teqeijtm. 


