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AIRFLOW TESTS IN A MODEL OF No. 2 CELL,
ENGINE LABORATORY,

N.RoC.

INTRODUCTION

I t  is  in tended  to t e s t  a VTO turbine r ig  in No. 2 ce l l
of the Engine Labora to ry . .  This uni t  cons i s t s  of a t i p  turbine
on the per iphery  of the VTO fan .  In the  turbine t e s t  r ig  the
fan w i l l  be used as a brake  to abso rb  the power of the t u rb ine ,
and pos s ib ly  to measure  i t .  The a i r  f low in to  the fan  must
there fore  be uniform and s t eady ,  and the ex i t  a i r f l ow  must be
unobs t ruc t ed  and not  g ive  r i s e  to  eddying  and pressure  f luc tua-
t i ons  in the t e s t  c e l l o  S ince  the a i r  f lows in the  ce l l  would
be large ( I4.OO lbs / s ec  e s t ima ted  maximum ce l l  t h roughpu t ) ,  and
there  were ce r t a in  pos s ib l e  obs t ruc t ions  in  the ce l l ,  i t  was
cons ide red  adv i sab l e  to run a i r f low t e s t s  on a model of the
ce l l .  Exper ience  has shown tha t  s a t i s f ac to ry  co r r e l a t i on  with
fu l l - sca le  obse rva t ions  is  ob ta ined  wi th  models  of 1” = 1’
s ca l e .  A plywood model with one ’ ’Luc i te”  wa l l  was therefore
bu i l t  to  t h i s  s ca l e ,  and a dummy fan  un i t ,  incorporat ing an
ex te rna l  compres sed  a i r  supply  and an e j ec to r  pump, was mounted
in i t .  Tes t s  on pos s ib l e  f an  pos i t i ons ,  and on va r ious  pos s ib l e
mod i f i ca t i ons  to  the ce l l ,  were then made, p lo t t ing  the a i r  f low
by means of co t ton  t a i l s  on a probe and by i n j ec t i ng  quan t i t i e s
of dus t .  These t e s t s  showed tha t  r e l a t i ve ly  s imple  mod i f i ca t i ons
would p rov ide  a s a t i s f ac to ry  f low pa t t e rn  in the ce l l .

DESCRIPTION OF MODEL

The model t e s t  c e l l  (See F ig .  1) was bu i l t  to a s ca l e
of 1” = 1 ’ ,  u s ing  1” and 1/2” p lywood ,  with the sou theas t  wa l l
of l/lj” Luc i t e .  The model of the turbine and fan un i t  was
bu i l t  from b ra s s  and copper  tube to the same s ca l e .  The fan
uni t  could  be moved up and down in the ce l l .  The front ~end
ha l f  -wa l l  of the ce l l  was removable ,  and,  while the ea r l i e r  t e s t s
were made with an open back end ,  the ex i t  s t ack  and va r ious
arrangements  of ex i t - end  cu r t a in  wa l l  were f i t t ed  fo r  l a t e r  t e s t s .

DESCRIPTION OF TESTS

Tes t s  were ca r r i ed  out on 12 con f igu ra t i ons ,  and a
char t  of the a i r  f low in each case  i s  g iven .  In order  to ob t a in
comparab le  cond i t i ons  in each ca se ,  the e j ec to r  a i r  supply
p re s su re  was a lways  s e t  at  10 ps ig  j However ,  t e s t s  over  a range
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from $ to £0 p s ig .  showed no changes in a i r f l ow  pa t t e rn»

I t  was obv ious ly  des i r ab l e  to  mod i fy  the ce l l  as l i t t l e
as pos s ib l e  J so the  t e s t s  took the p resen t  a r rangement  as t he i r
bas i s  and in t roduced mod i f i ca t i ons  one by one,  to  de te rmine  t he i r
e f f ec t s  (See Table  I and F igs»  2 to 13)» Br i e f  no t e s  accompany
each a i r f l ow  cha r t ,  de sc r ib ing  the mod i f i ca t i on  t e s t ed  and the
r e su l t s  of t h i s  mod i f i ca t i on»

I t  becomes c l ea r  from the cha r t s  t ha t  the bes t  con f igu -
r a t i on  is  t ha t  incorpora t ing  a new in l e t  wa l l ,  wi th  a 9-f  oo t - squa re
window in i t ,  and an open back end l ead ing  s t r a igh t  in to  the ex i t
s t ack .

However ,  cons ide r ing  the amount of work requ i red  to
mod i fy  the i n l e t  we l l  to  t h i s  s t anda rd ,  t e s t s  a l so  show tha t  the
use of the p r e sen t  i n l e t  wa l l ,  with the doors  c lo sed ,  w i l l
p rov ide  qu i t e  an accep tab l e  a i r  f low» This i s  r ea sonab ly  sym-
me t r i ca l  and s t ab l e»  I t  i s  de f in i t e ly  neces sa ry ,  howeve r ,  to
remove a l l  the shee t  cove r ing  of the ex i t=end  cu r t a in  wa l l ,
a l though the g i rde r  framework may be a l lowed  to r ema in ,  i f  so
des i r ed .  The ex i s t i ng  elbow in the s t ack  i nc rease s  the r ec i r cu -
l a t i on  if  l e f t  in pos i t i on ,  al though i t  p ro t ec t s  the back wa l l
from d i r ec t  b l a s t .  However ,  to  min imize  the c i r cu l a t i on  of
exhaus t  gas in to  the fan i n t ake ,  i t  should be moved to the s ide
of the s t ack ,  where i t  c auses  l i t t l e  d i s tu rbance .

CONCLUSIONS

Var ious  con f igu ra t ions  of Ce l l  2,  wi th  a dummy VTO
fan  i n s t a l l a t i on ,  have been t e s t ed .  While not g iv ing  the bes t
pos s ib l e  a i r  f l ow ,  i t  has been shown tha t  a r ead i ly  ava i l ab l e
con f igu ra t i on  wi l l  g ive  a s a t i s f ac to ry  a i r  f low fo r  t e s t i ng  the
turbofan  un i t .  The in le t  wa l l  is  l e f t  in i t s  p r e sen t  cond i t i on ,
with i t s  doo r s  c lo sed .  The turbofan un i t  is. mounted at  the  r ea r
edge of the sha f t  from Ce l l  3, wi th  i t s  £’0” above the f l oo r .
The ex i t=end  cu r t a in  wal l  is r emoved ,  the duc t  elbow is moved to
one s ide  of the s t ack .  I t  is  thought adv i sab l e  to p ro tec t  the
s lop ing  r ea r  wa l l  of the  s t ack  fo r  some 12’ up, as t h i s  area
wi l l  be heav i ly  sc rubbed  by the exhaus t .  This w i l l  not  be too
ho t ,  but w i l l  have an e ros ive  e f f ec t .
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