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I 
.1 , 
I 

ADVAÜCE  CCOTIDEUTIAI. REPORT 

AIR-FLCV  SURVEYS   IN  THE REGION   OP   THE   CAIL   SURFACES 

01'A SINGLE-ENGINE  AIRPLANE  EQUIPPED 

WITH DUAL-RUT AT Ii;C- PROPELLERS 

By Hp.rold H.   Sveberg 

STOMABT 

Surveys of the air flow in  the region of the tail 
surfaces of -. single—engine pursuit—type airplane equipped 
with dual-rotating propellers are presented,  "he tests 
included, air—flew neesurement3 with propellers removed and 
operating at Ttrious tnrunt nurftloients an:". </ith flaps 
ratracted aad deflected.  Soae ooaparlsone are made with 
air—flo'7 ircasiiremonts at the tail, of a model equipped with 
a single—rotating propeller.  The tests were nade in the 
NACA full-scale tunnel. 

INTRODUCTION, 

A3 part of a general investigation directed tovard 
predicting tun effects of propeller operation on the sta- 
bility characteristics of aircr3ft, mcaaureaonts were made 
of the air flov in the region of the tail surfaces of a 
singlo—angina pursuit—type airplano equipped with dual- 
rotating propellers.  The tests 'were made in the NACA 
full—sea.1 o tunnel and includoü. air—flow r.casurtconts with 
propellers ronovod and operating and with landing flaps 
ddfloctod 40° and retracted. 

Investigations of the air flo'/ in the region of the 
tail surfaces of airplanoc equipped with uinglc-rotcting 
proyellur3 havo al^o beor. made and avo reported in refer- 
ences 1 und 2. So;,io coaptrisons aro given in this paper 
of the air flov behind 3iuglc— anJ, dual—rot ating propel- 
lers. 



SYKBOLS 

C^ lift   coefficient 

_ .. __. •     /effective  thrust \ 
T. thrust   coefficioat      (  —   ] 

V PV2Da ) 

Cp power   coefficient       A^ino^ey-cr \ 

V/nD     propeller   advance—diameter  ratio 

r\ propeller   efficiency 

airspeed 

propeller  rotational   spoed 

propeller  diar.otor 

density  of  air 

L- 

q 

a-0 

angle   of  attack  of  thrust   axis  rolativo  to   froo— 
stream direction,   decrees 

propeller  blade   an~lc;   subscripts     T     and    R     refor 
to  front   and roar  propcllors 

locp.l  downwash   angle  at   tail luoasurcd  relative  to 
froo—strean   direction 

avorago  downwash  anglo  across   elevator  hinge  lino 
as  found from   air—flow  surveys 

angular  difference  between  avcrago  downwash  angles 
across   ssiüispans   of  horizontal  tail   surface 

IOCJ.1   dynamic  pressv.re 

free—atroaa  dynamic pressure 

(q/q0)av     avoragc  dynaaic-proqsure  ratio   »cross   elevator 
hinge  line  as  found  from  air—flow  surveys 



DESCRIPTION   OF MODUL  AUS   TESTS 

Tho  HA3A full—ncalo  tunnel   Is   described   in  roforcncc 
3  and   tho  methods   by   which  tiic  data vero  eorracted for 
jet—boundary  and  blocking  effect s. arc  discussed   in rofor— 
encns  4  ni.d  5« 

The  modol mounted   on   the   tunnol   support«   is   3hovn   in 
flguro  1.     jftguro  2   is   a three—view  drawing   showing  tho 
important   dimensions   of   the model.     The  outer   surfaces   of 
tho model  were  constructed  of   shoot   aluminum   that  was 
covered  with  r. plastic   filler   and   sindod  to   a  smooth   fin- 
ish  before  tho  tests   were made.     Tho horizontal  and vorti- 
cal   tail   surfaces  voro  removed  for   ull   tho   tests.     Balanced 
slotted  flaps,  having   a flap   span   ocual  to  54  percent   of 
tho  wing  cpan,   were uroft  as  tho  high—lift   dovico. 

The  vropuleivp  unit   consisted   of   t.o  10—f oot-dir.motor 
dual—rotating prorcollern   that  vero  drivon  by   two   25—horse- 
power   electric motors   installod   in   the  fuselage.     Tho 
front  imtor   was   directly  connected  to   the   front   propeller, 
while  the  rear  motor  drove  tho rear  propeller   through 
chains   and  a  countershaft. 

The  propeller   installation   on  the  modal   is   shown   in 
figure  8«     The  blade—angle  setting  of  the front  propeller 
was   28.0°,      In  order   that   the  rear  propeller   absorb  the 
same  amount   of  p°wer   at  pea':  efficiency  as   the  front  pro- 
peller,   the  blade—anple   setting  of   the  rear  propeller  was 
27.7°.     The  blade  ancle   of   the  rear   propeller   was   net 
lower   than   that   of   the  front  propeller   to   offset   its   in- 
creased  angle   of   attack  due  to  the   introduction  of   a rota- 
tional   component   to   the   slipstream   by  the front prcpeller. 
The  propeller  blade  angles  ware  held  constant   lor   the 
tests.     Eho  aerodynamic   characteristics   of   the  dual- 
rotating propellers   on   tho   complete model  at   about   zero 
lift   coefficient   are   shown  in  figure 4. 

All the sv-rveys were made in a vertical plane through 
the elevator hinge line. The surveys were made at various 
angles of attack with propellers rereoved and operating and 
with  landing  flaps  deflected 40°   and  retracted. 

The r.ea3uromont3   were made  with  a rack   of  fifteen 
3/3—inch   steel  eurvoy   tubes   described   in  reference   2.     The 
accuracy   of   the pitch—  and yaw—angle  measurements   is   esti- 
mated  to   be  within  about ±0.3t>°;   dynamic—pressure  measure- 
ments   are  accurate  within  about   ±1  percent. 



RESULTS   ABI  DISCUSSION 

The  air—flow  surveys   are presented  as   contours  of 
dyaarlc-pressure  ratio     q/q0     and  ".a  vectors   showing  the 
re3ultant  flow direction   in a vortical plr.no  through  the 
eluvatoi-  hinge  lino.     The rosalts   of   the iropoller a— 
removed  teeto,  v.-hich   aro  given  an   a rcforence  for   the 
determination  of   the   lllpetream   effects,   aro   sh.cwn   ir. 
figures  5   and  6.     jPigurcs   7  and   8   ?lve  the   results   of   the 
tests   with  propellers   operating  at  various  thrust   cocf— 
ficicnta  for   flaps  retracted  and  for  flaps   doflected  40°, 
respectively. 

The   effects   of  propeller   oper 
dynamic  prosaurcs   and the   avoragc 
tail  aro   illuatretod   in  table   I. 
ratios   and  the down*ash   angles   wer 
to  the  variation   of  local   chord  an 
across   the  tail   span,   inasmuch  as 
this   correction  to   be   small.     The 
€aT    have   been   computed   separately 
the horizontal   tall   surface   in  erd 
tho  use   of   dual—rotating propeller 
due  to   slipstream  rotation. 

aticn  on  the   r.verage 
dovnwaah  an;Iea   at   tho 
The  dynamic—pressure 
o  not   weighted  according 
d  local  dynamic  pressure 
a few  ccaput.it ions   showed 
v.r-luos   of   (p/cc)        and 

-.-.cross   each   Benispan  of 
or  to  ascertain  whothor 
3   cliair.ated   the effects 

When  tho  power   absorbed by   the  front  propeller  was 
approximately   opual   to   the  power   absorbed  by   the  rear 
propeller,   there  wan   little   evidence  of   slipstream  rotation 
in  the   surveys.     (See   figs.   7  and  3.?     Because   the propel- 
ler  blade  angles   were   adjusted  to   absorb  appro::imat ely 
equal  pover   at   the     Y/nD     for  peak   efficiency,     V/nll   = 
1.25,   tho   ^iowaru   absorbed  b:/  the   two  j.ropellers   were  not 
equal  at   other vr.lues   of    Y/nD   (fig.   4).     At   low  thrust 
coefficients,   for  which  the  differences   in   the  powers 
absorbed  by  thu front   end  the  rear   prcpellprs   v/ere   snail, 
the  vf.laeo   of  (q/q0)av     and     cav     measured  across  each 
BüOir.^on   of   tli«5  horizontal   tail   surface   were   approximately 
equal.     At   the higher   thruct   coefficients,   however,   some 
difforencor   in     (q/'l0^av     nn*     cav     were r.easurod,   although 
the difforencao  v/ere   considerably  lass   than those usually 
observed  behind   airplanes  with   single—rotating  propellers. 

In   order   to   co.-.iorre   tho   air   flov  behind   installations 
of   single—  jjnd dunl—rotating propellers,   «one   of   the 
results   of   down*'ash— r.nglo measurements   at   the  tail   of   a 
sinjle-eii^inc  pursuit—type  airplane   equipped  vith   a  single- 
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rotating propeller,   which have  been reported   in  reference 
1,   are  given   in  figures  9  and  10.     These  figures   show  the 
downwash—angle  distribution  across  the horizontal   tail 
span  of  the yodel  with  flaps  retracted and with   flaps 
deflected  4C°  for  various  angles   of  attach:  and various 
thrust   coefficients.     Siuilar   curves   are  firen   in  figures 
11   and  12  for   the  nodel   with  dual—rotating  propellers. 

For   the aodel  with   the   single—rotating 
flaps  retracted,   the   original  direction  of  r 
tho  slipstream   is  retained to  a  large  extent 
that   is,   the  downwash   angles   at   the   tail   on 
the   dov/ngoing blades   are   increased;   whereas 
angles   at   tho  tail   on   the  side   of  tho ujijoin 
decreased.     The   sli^atrear:  rotation  appears 
erably  less   at   tho   tail  with  fln.is   deflected 
flaps  retracted.     It   ap-ienrs  likely  that,   wi 
deflected,   tho  slipstream  is  deflected  below 
hinge  line  with   tho result   that   the  slipstre 
affects   the  resultant   downwash—anglo  distrio 
tho  horizontal  tail   surface  loss   with  flaps 
with  flaps   rutrf.ctod. 

propeller   and 
otation  of 
at   tho   tail  — 

the  eido   of 
the  downvash 
g  blades   are 
to  be  consid— 
than  with 
h  tho  flaps 
t;.o   elevator 

am  rotation 
at ion  across 
deflected than 

A comparison is givon in figuro 13 of t 
differences betveon the average downva3h ang 
senispana of the horizontal tail At for th 
tho Ein-le—rotating profiler and for tho no 
durj.l-rctatlng propellers, Tho values of Ae 
os a function of thrust coefficient at vario 
bladu on^lcs and lift coefficients for tho f 
condition. For the L.O&CJ. with tho dual—rot.a 
tho diffjronce of downwaah across tho so:.iisp 
horizontal tail vas snail! whereas, for tho 
tho single—rotat in.~ ü'rcpellor, a difference 
T0 = 0.31 was noKsurcd. Tho largo c'.ifforcr. 
v.'ash i.'.OH3urod .••.cross tho sucispans of tho t» 
oodul with tho sin.:»lo—rotat in^ propeller vil 
asymnotrical tail loadings and bunding; morion 
crit'eal   frc:u   ntractural   considorat i ons . 

For   the   singl o—r ot at ing propeller,   an   asynnotr leal 
dynwiic—pressure  distribution  alto   oxist3   at   the   tail  bo— 
caua.j   the   thrust   distribution   is  not   symmetrical  e.t  tho 
propeller  disk.     This   dissya:.-.otry  of   thrust   arises  from 
tho   ineliu.-.tion   of   th.:   propeller   axis   to   the   air   stream, 
v.'hich   causes  both  tho   local relative  airspocd   and   tho 
local   ;vn~jc    of   r.ttae>   to   be  higher   on   tho   Ride   of   tho 
downgoing blados   than   on  the   side   of   tho upgoing blades. 

ho   angular 
les   acrops   the 
0 uodol  "itIi 
del  with   tho 

are plot tod 
ui>   propeller 
lapo—retracted 
ting  pr03;oilers, 
ans   of   tho 
.'lodol   with 
of   fi.7°   at 
cos   of  dovn— 
il   rf   tho 
1 result   in 
ta   that  nay  bo 



Tho  rosult   is   that,   as   th-?  angle   of   attack   is   increased, 
thoro   ia   a progressively higher   concentration   of   thrust 
on  the   side   of   the  down^oinfj  blades   than  or.   tho   sido  of 
tho upgoing blades.     As   an  oxauplc,   v/ith  flaps  retracted, 
a differonco   of     (l/o0)_v     acrocs   tho   two   so.-Jispans   of 

tho horizontal  tail   curfaco  of   0.45  at     T0  =   0.31     was 
isoasured  (rofarenco   l). 

As  noted prcviourly  (tablo   I),   for   the  uodol  with 
dual—rot at lng propellers,   the  differences   of     (q/q0).lV 

across   the   two  sonispens   of   tho  horizontal   tail   surface 
woro  small. 

Cü:TCLU3IEG ÄEMAF.KS 

Tho   surr 
rotating prop 
rotation   ur   a 
of  clipstreao 
on  the  rosult 
tho  single—ro 
high  thrust   o 
As  n   typical 
propellers  a 
downwash   and 
horizontal   to 
with  tho   sing 
wash   and   aver 
respoct ively, 
line  at   a  thr 

oys   at   tho   tail   of 
oilers   showod littl 
syr:.otric   thrust   di 
rotation and asynu 

ant air flow at the 
tating propeller, h 
oofficients and at 
oxnoplo, for the no 
4 with flaps rotrae 
dynauio prosr.uro ac 
11 wore negligible; 
lo—rotating propoil 
ago  dyna;:.ic—prossur 

woro moasurod  aero 
\ist   coefficient   of 

tho  modal   w 
o   ovidence 
stributioü. 
ctrie  thrur- 
tail of th 

owovor, wor 
high anslos 
dol with du 
ted, the di 
roso   tho  sc 
where.as,   f 

or,   diffcre 
0   ratio   o 
ss   the   olov 
0.31. 

ith   dual— 
of   r.lipstrcaia 

Tho   offocts 
t  distribution 
c  :jodel  with 
0   larj-c   at 
of   attack. 
1—rotating 

fforraco3  of 
mispans   of   tho 
or  tho aodol 
ncas   of  dovn— 
8.7°   and   0.45, 
at or  hinjo 
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NACA FigB. 1,3 

Figure 1.- Model mounted in the NACA full-8Cal 

1 

e tunnel. 

Fiture 3.- Propeller installation on model 
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