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SUM RY

The weight  and cos t  of the hover ing  powerplant  sys t em

(gas  genera tors  plus fans  plus hover ing  fue l )  are  examined  as a

func t ion  of the fan  d i s c  l oad ing  fo r  the range 200 to 1000

lb/ft  . The optimum load ing ,  fo r  the mi s s ion  and cond i t i ons

spec i f i ed ,  is  demons t r a t ed  to l i e  be tween  £00 and 75>O lb/ft .
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POWERPLANTS FOR VTOL AIRCRAFT: THE EFFECTS OF FAN DISC
LOADING ON THE WEIGHT AND COST OF SYSTEMS USING

WING-IMMERSED FANS FOR VERTICAL THRUST

1.0  INTRODUCTION

In a r ecen t  s tudy  (Re f .  1 ) ,  c a l cu l a t ed  pe r fo rmance  and
weight  da ta  were p r e sen t ed  for  a c a t ego ry  of VTOL powerp lan t s  in
which h ighly  loaded  fans  (500 lb/ft  ) were used to augment the
hover ing thrus t  of conven t iona l  t u rbo j e t  eng ines .  In the p r e sen t
note  the fan d i s c  l oad ing  has been a l l owed  to vary  from 200 lb/f t
up to 1000 lb/ft  2 s> and the weight  of powerplant  and hove r ing  fue l
to fu l f i l  a spec i f i ed  mi s s ion  has been examined as a f unc t ion  of
the d i s c  l oad ing .  Assumpt ions  have further been made concern ing
the pu rchase  cos t  of gas gene ra to r s  and f ans , and the powerp lan t
cos t  i s  then examined  as a f unc t ion  of the d i s c  l oad ing .

2 .0  METHOD

The methods  and a s sumpt ions  are in  gene ra l  i den t i ca l
wi th  t hose  of the r e fe rence  s tudy  (Re f .  1 ) ,  and the  ch i e f  f ea tu re s
are l i s t ed  be low.

2.,1 Gas Gene ra to r  Pa rame te r s

Turbine In l e t  Tempera ture

Compres so r  Tempera ture  Rise

Ava i l ab l e  Spec i f i c  Power

Res idua l  Spec i f i c  Thrust

Spec i f i c  Fuel  Consumpt ion

1300°K

300°c

137 hp/ lb /sec

15«5 lb / lb /sec

0. 33 lb/hr-hp

2..2 Fan Pa rame te r s

Momentum Theory E f f i c i ency

Disc Load ing

Hub/Tip Ra t io

Tip Speed

80$

200 — > 1000 lb /ft 2

. 15 —> .35

800 f t / s ec
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Two coun te r - ro t a t i ng  fan  s t ages»

Two-s t age  t i p - tu rb ine  d r ive»

2. 3 Mis s ion  Pa rame te r s

Ai r c r a f t  g ros s  weight  Lj.0,000 lb .

In s t a l l ed  fan th rus t  53s333  lb»

Gas gene ra to r s  3

Fans 16

Hover ing  t ime 10 mins .

2.1; Weight  Pa rame te r s

Gas Gene ra to r  Weight  vs .  Mass Flow r e l a t i on  as per
F ig .  10 (Re f .  1 ) .

Fan Weight  vs .  D iame te r  r e l a t i on  W T) *

2 .5 Cost Pa rame te r s

Gas Genera to r  Cost $50/lb we igh t

Fan Cost $25 /lb weight

Fuel  Cost $ .025  lb

Powerp l an t  L i f e  2000 h r .  t o t a l
( fo r  comple t e  wr i t e -o f f )  (333 h r .  hove r ing )

3.0 DISCUSSION OF RESULTS

3. 1 Sys tem Weights

In F ig .  1 9 the con t r i bu t ions  of gas gene ra to r s  9 fans  ,
and hover ing fuel  to  the hovering sys t em weight  are  se t  out as
a func t ion  of fan  d i s c  l oad ing ;  in F ig .  2,  sca l e  drawings  of
three  of the f ans  are  se t  ou t .

I t  i s  immed ia t e ly  seen  t ha t  a t  low d i sc  l oad ings  the
fan  becomes very l a rge ,  and hence  i t s  weight  p repondera te s  over
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the modest  advan tages  i t  p roduces  in gas genera tor  and fuel  we igh t s»
Admi t t ed ly  some of the fan  des ign  a s sumpt ions  are  perhaps most
f avourab le  to the o r ig ina l  £00 lb/ft 2 d i sc  l oad ings ,  but the magn i -
tude of the weight pena l ty  in the 200 Ib/ft case  appears  ext remely
formidable  to overcome»

If one cons ide r s  only the weight  of mach ine ry  In s t a l l ed ,
the optimum d i sc  l oad ing  l i e s  be tween  800 and 1000 lb/ft ; including
the we igh t  of hover ing fue l ,  the optimum l i e s  near  700 lb/f t% but
the curve is  ex t r eme ly  f l a t  be tween  500 and 1000 Ib/ft .

3.2 Sys tem Costs

Cost  da ta  as a f unc t ion  of d i s c  l oad ing  are  p r e sen t ed  in
F ig .  3» It  should  be po in t ed  out t ha t  the p roposed  cos t  da ta  are
ra ther  a rb i t r a r i l y  a s s igned ,  and tha t  only the r e l a t i ve  cos t s  are
cons ide red  s ign i f i can t .

Cons ide r ing  on ly  the i n s t a l l ed  mach ine ry ,  the optimum
di sc  l oad ing  appears  aga in  to be of the o rde r  of 700 Ib/f t  , but
the curve is  very f l a t  be tween  500 and 1000 Ib/ft  . If one
inc ludes  fue l  cos t s ,  the optimum drops  to the o rde r  of 500
lb /ft 2 .

l;»0 CONCLUSIONS

1,  From the po in t  of view of both we igh t  and cos t ,  the
optimum d i sc  l oad ings  would appea r  to l i e  in the range between
500 and 750 Ib/ft 2 .

2 o The use of d i s c  l oad ings  as low as 200 Ib/ft  42- would
produce  a ve ry  s eve re  pena l ty  in sys t em weigh t  and cos t .

5 .0  REFERENCE

Cockshu t t ,  E .p .  Powerp lan ts  fo r  VTOL Ai rc r a f t  : A P roposed
Ga l i t z ine ,  N. Dua l -Ope ra t i on  Sys tem us ing  Wing-Immersed

i Fans fo r  Ve r t i ca l  Thrus t .

N.R.C.  Labora tory  Repor t  ( t o  be pub l i shed )
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