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EFFECT OF LOW TEMPERATURE ON THE SPRAY
p R°M A ENGINE FUEL NOZZLE

INTRODUCTION

A ques t i on  was r a i s ed  by the R .C .A .F .  abou t  the e f f ec t
of low t empera tu re  on the sp ray  cha rac t e r i s t i c s  of j e t  engine  fue l
nozz l e s ,  with a i r c r a f t  ope ra t i ng  in the nor th  of Canada .  I t  was
thought t ha t  the i nc rea sed  v i s cos i t y  of fue l  a t  low tempera tu res
would tend to  spo i l  the sp ray  from the sw i r l - t ype  p re s su re  nozz l e s
commonly used in many j e t  eng ines .

I t  was dec ided  to make a t e s t  in the  Engine  Laboratory
to i nves t i ga t e  th i s  e f f ec t .

TESTS

A ’’Simplex” swi r l - type  p re s su re  nozz l e  was taken  from
a Derwent  V eng ine  and s e t  up in  the Labora tory  wi th  a fue l  t ank ,
pump, f i l t e r ,  p r e s su re  gauge and con t ro l  va lve .

The gear  type pump sucked  fue l  from the  open tank through
a pipe  wi th  a f i l t e r  in the  l i ne .  The d i s cha rge  was connected
through a p ipe  to  the spray  nozz l e ,  wi th  a by -pas s  l e ad ing  back to
the t ank .  A va lve  in the by -pas s  l i ne  was used to con t ro l  the
p re s su re  a t  the  sp ray  nozz l e .

The nozz l e  was p l aced  in the  cent re  of an a i r  s t r eam
i s su ing  from the  open end of a 5 - inch  p ipe .  The a i r  was blown
through the  pipe  by a c en t r i fuga l  b lower .  Ihe ve loc i ty  of the a i r
in the pipe was abou t  70 f t / s ec .  The spray from the  nozz l e  was
d i r ec t ed  downs t r eam,  and the mixture  of a i r  and sp ray  was exhaus ted
through a 10- lnch  pipe  to the  ou t s ide  of the Labora to ry .

The fue l  used was av i a t i on  ke rosene  to Spec i f i ca t i on
D.Eng .R .D .  2482 .

The method of s t udy  was to t ake  random f l a sh  photographs
of the  sp ray ,  u s ing  a Le ica  camera wi th  ex t ens ion  tubes ,  and the
Gene ra l  Radio Company’s "Mic ro f l a sh” ,  which g ives  an exposure
time of abou t  2 mic roseconds .

Such photographs  were taken  a t  va r ious  p re s su re s ,  wi th
the fue l  a t  room t empera tu re ,  ( abou t  +14 deg .  C . ) ,  and a l so  a t
-40 deg rees  C. The fue l  was coo led  to  the  low temperature  by dry
i ce ,  which was d i s so lved  in a l coho l  in a con t a ine r  p l aced  i n s ide
the fue l  t ank .

The r e su l t s  a t  the  two d i f f e r en t  t empera tu re s ,  çmd two
d i f f e r en t  p r e s su re s ,  30 and 100 Ib/ln , are  shown in Figure 1 .
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Higher p r e s su re s  were not used because  the sp ray  mot ion  could  not
be " s topped”  by the  f l a sh  equipment  ava i l ab l e .

The r a t e  of f l ow  through the  nozz l e  was measu red ,
approx imate ly ,  by d i r ec t i ng  the  sp ray  In to  a g r adua t ed  g l a s s
cy l inde r  and t im ing  the co l l ec t i on  of a known volume of f ue l .
The r e su l t s  were as f o l l ows :

P re s su re
lb /in 2

Tempe ratu re
°C ( tank )

Flow
cc/min

30 +14 750

30 -40 740

100 +14 1320

100 -40 1410

I t  could  not  be a sce r t a ined  In th i s  t e s t  whether  the
fue l  t empera ture  In the sp ray  nozz l e  was exac t ly  the same as in
the  t ank .  Some hea t ing  of the  fue l  could have occu r r ed  in the
pump, p ip ing  and nozz l e ,  s i nce  t he se  were exposed  to room t empera -
tu re .

Repea t ing  the t e s t  wi th  a l l  the equ ipment  in  a r e f r i g -
e r a t ed  chamber would have invo lved  d i f f i cu l t i e s  in the d i sposa l
of the  sp ray ,  and t he re fo re ,  to t r y  and e l imina t e  some of the
doub t s ,  the ke rosene  a t  -40 deg .  C. was r ep l aced  by a mix tu re  of
ke rosene  and l ub r i ca t i ng  o i l  of the  same v i s cos i t y  a t  room tempera -
tu re  .

S ince  o i l  and kerosene  have app rox ima te ly  the same dens i t y
and su r f ace  t ens ion ,  the  mixture  thus p robab ly  had,  excep t  fo r
v i s cos i t y ,  app rox ima te ly  the same phys ica l  p rope r t i e s  as ke rosene .

Tho f l a sh  photographs  of the  sp ray  ob t a ined  with th is
mix ture  a re  shown in Figure 2, and the  r a t e s  of f low were as
fo l l ows  :

1
P re s su re

lb/ln*
Flow

cc / in ln  .

30 750

100 1400
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CONCLUSION

Judging by the f l a sh  photographs  of the sp ray  and the
ra t e  of f l ow ,  the  e f f ec t  of lower ing the  fue l  temperature  from g
+14 deg .  C. to -40 deg .  C. r wss s l i gh t  a t  p r e s su re s  up to 100 Ib/ln
P re s su re s  above  100 lb/in.  were not i nves t i ga t ed .


