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SUMMARY 

The performance of an mnula3"diffuser"tailpipe combination with 
an abrupt area expansion was investigated wlth & without flaw controls 
i n  the form of suction,  injection, and vortex  generators. The diffuser 
had a 21-inch-diameter straight outer wall, an azea-ratio of 1.9 to I, 
and fully developed pipe flow a t  the inlet .   Inlet  Mach number was varied 
between 0.18 and 0 -43 with  a resulting meJdnnrm Reynolds number (based on 
in le t  hydraulic dfameter ) of appro" I.. 6 x lo6.  he ra t io  of the 
auxfllary air flow t o  the flaw of the main stream w a s  varied fram 0 to 
approximately 4 percent. 0 

1 Round ing  the sharp edge of the terminus of the center body to a 
radius of 11 inches eliminated a vena contracts which occurred with the 

sharp-edged dmq, and resulted in a '200-percent increase in the s ta t ic-  
pressure rise across the first Mameter of length of Wlpipe .  Both 
suction a.nd injection flow controls were effective i n  producing Fnrproved 
diffuser performance. Further  research is needed t o  reduce the 8moun.t 
of awriliaxy flow required for satisfactary diffuser performance and to 
reduce the pumping losses in  the auxiliary flaw. 

2 

The performance characteristics of subsonlc-annular-diffuser designs 
applicable to  turbojet  afterburners are being studied fn a research  pro- 
gram M t i a t e d  to develop short configurations which provide stable flow, 

performance, a l l  of which are important f o r  satisfactory afterburner 
performance. 

L reasonably uniform diffuser-exit  velocfty  distributions, and efficient 

* 
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The f t r s t  repofis of this program are  references 1 t o  4. Refer- 
ences 1 and 2 establish performance values with & wi thk t  vortex- J 

generator  controls for a typical annular diffuser with conical after- 
body. The overall  length of the diffuser was such as t o  correspond t o  
an equivalent cone angle of 15O. The effect  of terminating  the  center 
body abruptly and sharply, thus producing an .abrupt  mea .expansion, is 
described i n  reference 3. Tbe two investigations,  the 15O and the abrupt 
dump diffusers, have served t o  establish reference  points in  the develop- 
ment of short, efficient annular diffusers. The .l5' diffuser with 
vortex-generator control provided as efficient a perfomname as can be 
expected in   prwtice;  whereas the abrupt dump represents  the  other 
ex%=, a diffuser with d l  the area expansion taken at one station 
and with a correspondingly inefficient performance. The relative merit 
of other diffuser designs may be determined through performance  campari- 
sons with  these two reference  diffusers. The investigation  reported i n  
reference 4 indicated that a performance  camparing favorably  with  the 
l5O diffuser could be obtained  with a shorter d i m e r  of 240 equivalent 
cone angle and with vortex-generator  control. 

-. 

" 

" 

The investigation of the abrupt dump diffuser indicated that the 
diffusion  per unit length i n  the constant-area  tailpipe was severely 
penalized by the foiPLation of an extensive vena contracta  region down- 
stream from the abruptly terminated center body. Downstream from the 
vena contracta  region, the diffusion proceeded a t  a rate camparable to 
that  of the 13O diffuser. These results suggested that an efficient 
short diffuser design migb.t be obtained by rounding the sharp edge of 
the  abruptly terminated center body i n  order to  elktdnate  the vena con- * 
tracts region anb s " t  the  diffusion  process. Through the use of flow 
controls, it was anticipated that attached flow could be maintained on 
a surface of fairly small .raaius. Such a diffuser design has been v 

investigated, and the results are reported  herein. 

The performance  of the modified dump desi- w a s  determined with no 
controls and with suction, injection, and vortex-generator  controls. 
The inlet  conditions corresponded to  f'ully developed pipe flaw, =an 
Mach numbers ranging from 0.18 t o  0.43, and resulting maximum Reynolds 
number (based on hydraulic diameter) of approxjmately 1.6 x 10 6 . 
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2 1 o n g i t u M  distance along tailpipe axis measured  from 
end  of  center body 
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exponent in velocity  distribution l a w ,  = (gr 
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static  pressure 

static-pressure  rise 

auxiliary  air-punping  energy  coefficient 

imgact  pressure, E - p 

radial distance  from  diffuser  center line 

ratio  of  auxiliary air-volume flow to main streram-volume 
flow at  inlet  station,  percent 

Reynolds number 

local  velocity 

maxhum velocity  occurring in radial velocity  distribution 

perpendicular  distance from w a l l  

b o ~ ~ - l a y ~  thickness 

boundary-layer  displacement  thickness, s,” (. - 
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boundary-layer momentLmL thickness, :(I- - 5)- 
boundary-layer  shape  parameter 

diffuser  effectiveness 



4 W A  RM L53K30 

Subscripts: 

1 diffuser  inlet-  statim 

2, 3 downstream diffuser  stations 

X 

N 

R 

i n  

out 

S 

I 

variable damstream diffuser  station 

no auxil iary flow 

variable audliary air-flow rat io  

reference t o  dLffuser inner w a l l  

reference t o  diff’user outer w a l l  

suction 

injection 

Bar over symbol indicates a weigh-kd average quantity. 

APPARATUS m PROCEDURE 
T e s t  Equipment 

A diagram of the experimental setup is  shown in figure 1. A-tanos- 
pheric air entered the  cylindrical screen section and passed through an 
inlet bell, which w a s  connected to   the  test- diffuser by approximately 
27 feet  of annular ducting having an inner diameter of 1% inches and 

an outer diameter varying from 21 t o  25 inches. Damstream ducting con- 
nected the setup t o  an exhauster. The cen-kr body of the annular 
approach duct w a s  used as an auxiliary air duct and w a s  connected t o  a 
blower or exhauster according t o  w h e t h e r  injection or suction flow con- 
t r o l  t es t s  were fn progress. The auxiliary air duct was fitted with a 
flow-measuring orifice designed and installed according to A.S.M.E. 
standards (ref. 5 ) .  

A detailed drawing of the modified dump and  ad,-Jacent .ducting is 
given in figure 2. All internal  surfaces and joints were f i l l ed  and 
sanded for  several  feet upstream frm the diffuser M e t  station. The 
plate covering the end of the  center body w a s  haxdwood with the outer 
edge  rounded to a 1- - inch radius, as shown, and a groove 1/2 inch deep 1 

2 
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by 1/2 inch  wide  cut in the downstream  face m a 1% - inch-diameter 
center  line.  For  the  auxiliary flow tests, 40 equispaced 3/8-Fnch- 
diameter  holes  were  drilled  1ongitudLmU.y  through  the  hardwood plate 
at  the  base of the  groove. 

Instrumentation 

Stream  total  and  static  pressures  were masured by four equally 
spaced,  remote-controlled survey rakes  at the dif'fuser  inlet  station, 
station 1, and  the tdlpipe stations,  stations 2 and 3. Flow surveys 
were  made  at only one  station at a time so that  there were no instru- 
ments in the  stream ahead of the  measuring statim. Stagnation- 
temperature  measurements  were W e n  at a point in the  approach annulus 
several  diameters  upstream from the  diffuser W e t ,  and  measurements 
of the stagnation  pressure a d  temperature  were  taken in the amdllary 
air  duct  about 1 inner-body  diameter  from  the  hardwood  plate. 

Static-pressure  orifices  extending  from  upstream  of the diffuser 
inlet  station to station 3 were  installed along a single  generatrix on 
the  outer wall. At  each  of  the  three  stations,  four  equispaced  static 
orifices  were  located on the  outer u". 

All pressure  measurements  were  made with multftube manometers con- 
ta,ining a fluid  whose  specific  gravity was 1.75. The manmeter scales 
were  read  to  the  nearest  tenth  of a centimeter. 

Tests 

Before drj%ll i . .  the 3/8-inch-di~meter holes Fn the hazdwood  plate 
(see  fig. 2), the  performance of the modified  &mug  diffuser waa fnves- 
tfgated  over a range  of  inlet Mach number  without flow controls.  Total- 
and static-pressure  surveys  were made at stations 1 & 3 and wall 
static-pressure  and  reference  reaaings  were  recorded.  The  sane  config- 
uration  was  investigated  wlth  vortex-generator  controls  consisting  of 
24 NACA 0012 symmetrical  rectangular  airfoil  sectians with 3-inch chord 
and  1/2-inch  span  set  counterrotating at 5 5 O  with the  longitudinal axls  
of the  diffuser. !l%e effectiveness  of  the  vortex  generators w a s  deter- 
mined  for %wo vortex-generator  locations, 1 inch and 6 inches  upstream 
from  the  end of the  center body. 

After  completing  the  aforementioned  tests,  the  hartiwood  plate  was 
drilled  and  the  suction and Fnjection  control  tests  were run. The 
M e t  Mach  number W ~ E I  varied  over a range f'rm 0.18 to 0.43 in a Um- 
ited  number  of  cases  to  establish  trends.  Most of the  downstream sur- 
veys  were  made  at  station 3 because  total-pressure  readings at t h i s  



statim were  considered to be more  accurate than at  station 2 because 
of the more dform velocity  distributions. 

Basis  of  Comparison 

The  description  of  the  flaw developnt and the effectiveness  of 
each  flow-control  method  in prmoting diffusion  is  presented  in terms of 

the  longitudinal  distributions of static-pressure  coeffic1ep.t -, 
the  radial  distribution  of  relative  velocity u/ii., , and the local change 

%-X 

=1 

I A  

in total  pressure with suction.or  injection  control ( = 3 h  - (H3)N 

The overall performance in terms of the mean coefficients 7, ap,-2 

For purposes  of  evaluating  the  modified dunrp performance  corrected 
for  pumping  energies  required  for  the  suction and injection  control,  the 
static-pressure-rise  coefficient was converted to an effectiveness  which 
is  defined as the  ratio  of the measured  static-pressure-rise  coefficient 

. .  . 

to the input  static-pressure  coefficient 4X where  the  input 
/& \ 

static-pressure  coefficient  is  the sum of  the pUmping energy  coefficient 
and the  theoretical,  one-dhensional,  isentropic  static-pressure  coef- 
ficient  corresponding  to  the  mean  inlet  static  and  total  pressures  and 
the  diffuser  area  ratio. The puaping  energy  coefficients are defined 
in figure 3. In order to evaluate  the  pumping  energy, it was  necessary 
to assume a hypothetical  source  for the injection air and a hypotheti- 
cal  exit  for  the  suction  aLr. In both  cases, the diffuser inlet w&5 
assumed  as  the  reference  station,  thus  confining  the  auxiliary  air  sys- 
t e m  to the  diffuser  proper  and e 7 t i n g  any variables  which  would  be 
impossible  to  assess in applying the results.  It w&8 assumed  that  the 
auxiliary  air-flow pwq~ operated  at an efficiency of 100 percent. Ln 
the  case  of  injection,  it  was  assumed that-.a pmxp  would  have to supply 
a pressure  rise  equal to the  difference  between the inlet  static  pres- 
sure and the  measured total pressure in the  chamber  upstream from the 
injection  holes. For suction, it was assumed that  the  pmxp would supply 
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a pressure  rise  equal  to  the  difference  between the inlet mean total 
pressure  and  the  chamber tow pressure. The cor-rected  "tal-pressure- 
loss coefficient  was  obtained s imply  by adding the pm~ping coefficients 
to the  measured loss coefficients. 

M e t  Measurements 

In order  to  define  the  inlet  flow  conditions,  which are pertinent 
factors  governing  the  flow  development  throughout ~ ~ n y  diffuser,  inlet- 
total-pressure  surveys  were  made at four  equtally  spaced  circumferential 
stations.  UltFmately,  these  measurements  were  also  used in.determinbn 
overall  diffuser  performance  coefficients.  Boundary-layer  profiles 
determined  by using the survey data are presented in figure 4 in term 
of the  ratio of local  velocity to -the ruaxhnm velocity as a function of 
radial position i n  the annulus. Since no significant  circumferential 
variations  were  measured,  the  average of the four  sets  of  data  is  pre- 
sented. In amtion, figure 4 indicates  negligible  difference8  between 
the  data  for  the  inner  and outer w a l l  with  respect to velocity  profiles 
and the significant  boundary-layer parameters listed. Tlb= bounaa3y 
leyer  filled  the  entire annulus, s imik to fully  developed  pipe flaw, 
and the  use of flow  controls  did not alter the inlet  conditions for the 
range  of  variables  tested.  The  diffuser  performance  presented  herein 
is  conservative in camparison with the  systems  sketched in figure 3, 
where  either  the  injection-systan  inlet  or suction-system outlet w o u l d  
serve as diffuser-inlet  boundary-ls3.er  controls. The M e t  boundary 
layer  of  the  investigation  reported  herein is essentidly  the same as 
that  of  references 2 to 4. 

Longitudinal  Static-Pressure  Distribution 

A convenient index to the flow developnent  for a given diffuser  is 
the  longitudinal  static-pressure  distribution,  since  the  change  in  pres- 
sure  per  unit  length  is  indicative  of  the  rate  of  change  of the mean 
dynamic  pressure.  Plots of the  static-pressure-rise  coefficient as 
determined  from  the  outer-wall  static-pressure  orificqs are given in 
figure 5 as a function  of  diffuser length for  control and no control. 
The  values  given  are  slightly  higher than mean values in the  region 
imnediately damstream from  the  center body because of radial  pressure 
gradients  such aa those  described in reference 3 and have  not  been  cor- 
rected  for  injection  and  suction  pumping  powers. . 

No-control  values  over a r q e  of M e t  Mach lwmber  are  compared in 
figure  5(a)  with  those  obtained in the  investigation of the sm-edged 
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dump of  reference 3 and of  the 150 diffuser o P  reference 2. A small, 
unfavorable  effect  due to increasing  speed  is  apparent, The comparison 
of the data for  the rounded and sharp-edged d q s  indicates tht the 
11 -inch  radius on the center-body  terminus w a s  responsible  for the 

elimination  of ' the  vena contracts obtained  with  the  sharp-edged dump 
and  described in reference 3. This effect  resulted in &z1 increase.ih 
the  static-pressure-rise  coef'ficient  at  the  -station  with 2/D = 1.0 of 
about 200 percent. The ccanpsrison  of  the data for  the  rounded dump 
with  the 15O diffuser  indicates  that the rounded dump produced only 
69 percent  of  the 15O diffuser  static-pressure  rise at the station. with 
Z/D =-1.0. These  data  comparisons  indicate  that  radii  larger than 
11 inches  would  probably  produce  further  improvements In the performance, 
since  the  longitudinal  static-pressure  distribution  for  the.rounded dwnp 
contains a region  of  appreciable  length  where  there is no static-pressure 
rise. 

2 

2 

The effect  of  withdrawing  air through the  holes  drilled in the  end 
of  the  center  body  (see  fig. 2) by applyLng  suction  to the center  duct 
is  shown  in  figure 5(b). Increasing  suction  rates  tended  to remove the 
reverse  curvature  in  the  longitudinal  static-pressure  distribution in 
the  region  just  downstream frm the  center  body and resulted in  an 
increase  in  the  static-pressure  coefficient  at  the  1-diameter  station 
of 40 percent  over  that  for no control.  Presumably, t h  increased  per- 
formance  was a result  of  removing air f r o m  the  turbulent  back-flow 
region  just  damstream from the  center-body terminus, -thus permitting 
the main stream to  diffuse more rapidly. 

The  effect of injecting  high-energy  air  through  the SF holes  used 
for  suction  control  is  presented in figure 5(c). TIE purpose  of met- 
tion  control w a s  to  confine  radially  the  turbulent  back-flow  region jut 
downstream from the  center  body,  thus  permitting more rapid  diffusion of 
the  inlet  flow.  Figure 5( c)  indicates  that the injection  flow  control 
was also successful. The highest  injection  rates  elhinated  cmpletely 
the  reverse  curvature in the  longttudinal  static-pressure  distribution 
in the  region  just  damstream from the end of the center body. This 
effect  produced an increase in the  actual  static-pressure-rise  coeffi- 
cient  at the l-diame-kr statim -of about 4-3 percent. A put of  the' . 

increased  static  pressure  for  the iaection rum must also be attributed 
to  the  higher mean t o t a l  pressure  of  the flow resulting fram injection, 
exclusive of any flow-control  effects.  The c m s  o f  figure  5(c) also 
indicate tht injection -roved the diffusion in the  region  of  the 
rounded  surface  probably  by an injector  action which induced  the main 
flow to  fallow  the  rounded  surface.  Both the suction and irtJection  con- 
trols  groduced  static  pressures at the  l-di-ter  station  comparable to 
those of the l5O diffuser  with no control. 

" 



aZ 

c 

NACA RM L53K30 9 

The effectiveness  of  vortex-generator  control in promotin@;  better 
m i x i n g  was investigated  briefly and the results  are  presented in fig- 
ure 5(d). It was found  necessary to move the  vortex  generators 6 inches 
upstream  to  obtain  appreciable  performance. gains, which  effectively 
lengthened  the  diff'user  undesirably. A gain in static  pressure  at  the 
l-diameter  station  of 32 percent over that  for no control  is  indicated 
for  the  upstream  vortex-generator  location. 

The  data  of  figure 5 are sufficient  for  sketching  rough  appro-- 
tions  of the flow  patterns in the diffuser f o r  the  various  control sys- 
tems.  Such  sketches, figure 6 ,  are useful  for  illustrating the flow 
immediately damatream from th&inner body and the  apparent  effects of 
injection and suction  control on the back-flow  region. A figure  taken 
from  reference 3, figure 6(a), has been  included to illustrate by corn- 
parison  with  figure 6(b) the beneficial  effect of the rounded surface 
on the  vena  contracts.  The  effect of mection on confining the  back- 
flow region  is  apparent fran comparing  figures 6(b) and 6 ( c ) .  Fig- 
ure 6(d)  indicates  that  suction  controls  the  back-flow  region  by 
removing the  low-energy air in this region. 

Radial Distributions 

Radial  pressure  surveys  were made at the  downstream stations in 
order  to  determine  the  effectiveness of control in producing more rmiform 
total-pressure  and  velocity  distributions, Figure 7 illustrates the 
effect  of  injection on the Plow at  stations 2 and 3 in terms  of the ratio 
of local  velocity to the  mean  inlet  velocity as a function of 8x1 area 
tern  (the  radius  squared) . 

Data  for  the  no-control  cases w e r e  taken at  statfan 3 only. The 
effect of injection on the  velocity  distribution  at-station 3 w a s  minor, 
whereas  injection  produced some improvements in the distributfons at 
station 2. From figure 5, it can be seen .that the improved  distributions 
due to  injection  probably  extended  over  the  first W t e r  of length. 
Figure 7 indicates  considerable mixing between  stations 2 and 3. Since 
the  alinement  and  location of the  injection  jets  were  selected  arbitraz- 
ily, it may be safely assmed that the  design is not opt3m.m. The 
effects of injection  location  and al-nt should  be  investigated  further 
for  the  purpose of obtainiag  more  control mer t k  flow and velocity dis-  
tribution  since  the  results of the  present preUmiaazy investigation 
indicate that  injection  is  effective in producing  increased  static- 
pressure  rise. 

A comparison  of  velocity  distrfbutions  obtained at station 3 w i t h  no 
control,  injection, or suction  is  presented in figure 8. The suction 
data indicate a strong  tendency  towards mom the air to  the  center  of 
the  duct  at the expense of W e  flow near the outer wall. This result 
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indicates  that  for t h i s  diffuser  configuration  suction  control  is  nore 
effective than injection in producing uniform velocity  distributions  at I 

station 3. 

The effect  of  control crll radial t0taJ"pressure  distributions  at 
station 3 is  illustrated in figure 9, where  the  ratio of the  difference 
between local total pressures with and  without cmtrol to  the  total- 
pressure loss without control  is  presented as a function  of  radius 
squared, The function  plotted  is  equivalent to the local  improvement 
in tot&  pressure  due  to  control in terms of  the  no-control loss. The 
no-control  case  corresponds  to  zero values at all radii. 

The  effect  of  suction  control was ah increase in the  total.pressure 
near the  center of the  duct  by  control of the back-flow region and a 
decrease in the t o t a l  pressure near the outer wall as a result of the 
bowdmy-layer developuent in a higher  adverse  gradient.  These  effects 
are  reflected  directly in the velocity  distributions  of  figure 8. 

The effect  ofinjection  control  for  the  2.06-percent  case w a s  unfav- 
orable  since  higher losses were  produced in the  inner laalf of t h  duct 
inaicating a detrimental  effect on the back-flow region. The highest 
injection  rates  produced  approximately  constant  additions  of  total  pres- 
sure  across  the  duct  which  were  accompanied by higher  static  pressures 
producing  little  net  effect on the  velocity  distributions  of  figure 8. 

_. 

Mean  Performance  Coefficients - 
Statfc-pressure-rise  coefficient.- The effect of' suction and slljec- 

tion control on the actual  static-pressure-rise  coefficient at s t a t i o n  2 . 
is  illustrated in f'igure 10 as a kction of mean inlet Mach nmber. 
Actual  data  points  are  plotted and faired  curves  corresponding to con- 
stant values of percentage  suction  or  injection  air have been dram. The 
data indicate that  increasing Mach nunber has a typically  detrimental 
effect on static-pressure  recovery,  About  &-percent  injection  or  suction 
flaw produced  approximately  40-percent  increase in the  actual  static- 
pressure  rise  over that obtained with no control. 

In order  to  illustrate the effect on static-pressure  coefficient  of 
varying the  amount  of  suction  or  injection flow for  several  tailpipe 
lengths, a cross  plot of figures 5 and10 is  presented in figure ll. 
Static-pressure-rise  coefficient  at an inlet"ach rimer of  about 0.26 
is  given as a Function of percent  auxiliary air flow for curves of con- 
stant  tailpipe length. The c m e 8  show conclusively  tihat  suction  control 
produces higher static-pressure  coefficients up to  about 3$ percent 
auxiliary air flow for tailpipe  lengths  greater  than  about 0.6~. For 
tailpipe  lengths of less than about 0.611, injection  is  superior to suction 

c 

- - 



because suction failed to  control the flow over the rounded section. 
Suction produced  improved  performance at any auxiliary flow; whereas  at  
ta i lp ipe  lengths of I diameter or  more,  ug t o  2-percent injection had 
no effect. 

.. 

Total-pressure-loss  coefficient. - Measured total-pressure-loss coef - 
ficients  (not  corrected f o r  pumping power) between the inlet and sta- 
t ions 2 and 3 are presented in figure 12 as a function of inlet Mach 
nmiber. Faired curves a t  constant  values of percent  auxiliary sir flaw 
are Included. The reduction in loss coefficient with increasing  per- 
centage of suction air flow is indicative of the Ehrmouzlt of low-energy 
a i r  removed by the  suction. The large drop i n  loss coefficient with 
increasing  injection air flow, however, i s  largely due t o  the high energy 
of the injection air raising the mean energy of the stream exclusive of 
any flow-control  effects. A ccmpazison of the injection dab f o r  sta- 
t ions  2 and 3 Fndlcates mixing and friction-loss  coefficients in the 
tailpipe length from stations 2 t o  3 of approximately 2 percent. The 
vortex-generator instkl la t ion which was located 6 inches upstream from 
the end of the  center body produced at an inlet  Mach number of 0.26 a 
loss coefficient about 7 percent higher than that for no control. 

Coefficients  corrected f o r  puqing power.- An accurate assessment 
of control performance which involves m " b  of auxiliary flm cannot 
be accomplished unless pumping parers =e considered i n  the performance 
panmeters. Pumping-power coefficients  calculated Tor the purpose of 

coefficients according t o  methoas described in a previous secticm are 
presented in  figure 13 as a function of percent of auxil iary flow. A t  

.. a  given  percent auxiliary air flow, the pump- parers for suction were 
slightly greater than -those f o r  injection. The pumping powers increase 
rapidly with increased auxiliary flow and approach values  equivslent to 
the no-control to-t;al-pressure-loss coefficient  at -res of R from % 
t o  4 percent. The pumrp pressure rise required fo r  a given due of R 
is readily  calculable from the data of figure 13. -Since no effor t  waa 
expended i n  determining optlmum meas f o r  the awdliary air holes, the 
pumping-power-coefficient values must be regarded as s o m e w b t  arbitrary. 

- correcting the measured static-pressure-rise and total-pressure-loss 

The diffuser  effectiveness  including the pmging-pmr  correction 
and based on the  static-pressure-rfse measurements to   s ta t ion 2 are pre- 
sented i n  figure 14 as a function of percent auxiliary drflar. Total- 
pressure-loss  coefficients at station 3 corrected f o r  pmrping power are 
also included. 

,- For purposes of  comparison,  performance point8 f o r  no Control for 

- subject-diffuser data indicates that with no control  the modified dmg 

the- 15O diffuser of reference 2 and the  sharpedged d- of reference 3 
have been indicated i n  figure 14. Carrparison of these data w i t h  the 
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produced about 80 percent of the loss coefficient of the sharp-edged dtrmp, 
but exceeded the loss of the diffuser by 170 percent. It is  apparent 
frm figures 5 and 14 that, although injection and suction  controls were 
effective,  the pumping  powers required  for the subject confi@;uration  were 
excessive and prevented the attainment of the performance of the 15O dif- 
fuser. These results suggest- that means for  reducbg the required purging 
parers should be investigated mther. PLrmping parers may. be reduced both 
by determFning more efficient  auxiliary-air-system designs and by reducing 
the  control requirements of the Wfuse r  by acccnnplishbg more of the  dif- 
fusion i n  the  conventional manner ofincreasing the- cross-sectional  area 
at moderate rates  prior t o  dumping the flow. 

coNcLusIoNs 

The performance of an annular-diffuser-tailpipe combination with an 
abrupt area expansion was investigated w i t h  and without flgw controls i n  
the form of suction,  injection, and vortex  generators. The diffuser had 
a 2l-inch-diameter straight outer w a l l ,  an area r a t i o  of l..g t o  1, and 
fully developed pipe flow at  the inlet. m e t  Mach nmiber w a s  w i e d  
between 0.18 and 0.43 with a resulting maximum Reynolds number (based on 
inlet hydraulic diameter) of a p p r o m t e l y  1.6 x lo6. The. ra t io  of the 
auxiliary air flow t u  the flow of the main stream was varied from. 0 t o  
approximately 4 percent. The following  conclusians are presented: 

1. Rounding the sha-p edge of the- terminus of the  center body to a 
radius of 11 inches was responsible f o r  the elimination of. the vena con- 
t racta  effect resulting in a 200-percent increase in  the  static-pressure 
rise  across  the first diameter of length of tailpipe as campared with 
that obtained w i t h  the sharp-edged dump. 

." 

2 .. 

2. A t  the same tailpipe  station, the rounded dunp produced 69 per- 
cent of the  static-pressure rise of a 15O mnular diffuser previously 
investigated. The longitudinal  static-pressure  distributions  indicated. 
that  a larger radius at the center-body terminus probably would produce 
=her gains i n  performance. . . .. . .. . - .- " 

" 

3. Suction and injection  control produced 40- and 43-percent increases, 
respectively, i n  the measured static-pressure  rise to the I-diameter tail- 
pipe  station. A vortex-generator installation produced a 32-percent 
increase in  the  static-pressure  r ise  to the s8me station; however, it 
was necessary to  locate the generators an appreciable  distance upstream 
from the diffuser which effectively lengthened the diMtzser undesirably. 



NACA IIM L53K30 13 

4. R a d i a l  pressure surveys at the tailpipe  stations  shared  that the 
higher  injection  rates  produced roughly uniform increases in the tow 
pressure  across  the  sectfon;  whereas  suction  control  increased  the to ta l  
pressure and velocity near the tailpipe  center line at the expense  of the 
total pressure in the  outer half of the duct. 

5. The pumping  powers reqared for  suction and injection  con-h-01 
for the configuration  tested  were  excessive and reduced the measured 
performance  gains of approldmately 40 percent to gains corrected for 
pumping power of 13 and 6 percent for suction and injection,  respec- 
tively. This result  suggests that in order to reduce  the p‘mrping parers 
the  basic  diffuser  design  should be *roved and more  efficient auxil iary- 
adr-system  designs should be determined through further  investigations. 

Langley  -Aeronautical  Laboratory, 
National Advlsory Committee  for  Aeronautics, 

Langley  Field, Va., November 17, 1953. 
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AUXILURY AIR DUCT 

Plgure , l . -  Diagram of apparatus. Arrow~denote direction o f  air flow. 
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Figure 2.- General arrangement of modified dump and tallpipe. All 
d h e n n i o n s  are In inches. 
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Figure 3. -  Hypothetical ~uxillary a i r  system. 
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Figure 4.- Inlet velocity profiles at varying Mach number with and 
without auxiliary flow control. 
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Figure 5 .- Static-pressure-rise  coefficient along diffueer outer m. 
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Figure 8.- Exit velocity profiles at station 3 for various  auxiliary 
f low conditions. 
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Figure 10.- Variation of static-pressure-rise  coefficient at station 2 
with mean inlet Mach number. 
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Figure 11.- Variation of static-pressure-rise  coefficient with percent 

auxiliary flow at R1 - 0.26. 
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Figure 12.- Variation of loss coefficient with mean inlet Mach number. 
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Figure 14.- Variation of corrected  dlffuser  effectiveness  at  station 2 
and corrected 1066 coefficient  at  station 3 with percent auxiUary 
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