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(1) The VTOL performance and D.O.C. (d i rect  operating cost)  computer 
program has been modified for  the pure j e t  l i f t  short-haul trans- 
ports. Th i s  new design, based on the proposals of several 'aero- 
space companies, has been adopted as  our reference vehicle for the 
VTOL control power studies.  In this design concept, the j e t  l i f t  
engines are  removed from the fuselage and p u t  i n  pods attached t o  
the outer por t ions  of the wings. 
shows a representative a i r c r a f t  configuration of this type. 

(2)  This vehicle has cruising speed of  520 mph and a maximum range of 
600 miles. 
150 passengers i n  the STOL mode (400 f t .  takeoff f i e ld  length). 

(3)  Three computer runs fo r  this design a t  three different  levels of 
control power, 15%, 23% and 25% of  the required thrust horsepower, 
are attached. The program printouts include vehicle dimensions, 
performance , D .O .C . and moments of iner t ia .  

(41 This  reference design will be used i n  the l a te ra l  hover control- 
power studies now i n  progress as  soon as sat isfactory s t a b i l i t y  
derivatives are  i n  hand. 

Fig.  1 (taken from Ref. 1)* 

I t  i s  designed for  100 passengers i n  the VTOL mode and 

*Ref. 1 A.J.K. Carline, "Design Problems of a Commercial J e t  Lift  
VTOL Transport", USAF Technology and Planning  Conference , 
Las Vegas, Sept. 1969. 
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TAKEOFF WEIGHTS 

V E R T l C A l  { GROSS 
PAYLOAD 

\ 

GROSS 403. FT. 
T.O. FIELD 

LEHGTH 1 PAYLOA-D 
PASSENGER SEATS 
v CRUISE AT 20,000 FT. 

103,000 LB. 
20,000 LB. 

25,000 LB; 
io8,oon LB. 

114 TO 147 

TYPE I CRUISE I LIFT 

NUMBER 1 3  1 1 0  

BY-PASS RATIO 12:l 

THRUST/ EM GI M E 

RUISE ENEIMES-DESIGNED FOR SHORT HAUL AND 
VECTOR ED 



----- DESIGN PROJECT I N P U T  DATA 

.-- 

__ 35 0 0 0 a 0 0 DOC LARS I YE 4 R P I L O T  .SALARY * _________ I_-- 

,i C O P I L D T  SALARY z~ooO,~O---OOL~ARS/YEAR ----  

___- P I L O T  AND ____ C O P I L O T  ~ _ _ _ _ _  F L I G H T  TIME- __ --- 

FLEET srzg--- 20 AIRCRAFT 
PRODUCTION R U N  ( A I R F R A M E )  300 

4 O O 0 , O O  F L I G H T  HOURS -_________ ___ --.- T I M E  ____ BETWEEN OVERHAUL - ENGINES 
v EH I CL E UT I c EATOF- 3 0 O,O,oo&3U RS / YE A R 

I--_ E N G I N E  .-. COST .- 

ELECTRONIC f Q U I P M E N T  
COST--- ___- 

-I_ PAASENGER I__--_I- LOAD 67 P E R C E N T  
NUMBER O F  SEATS ABREAST 6 

___ NUMBER OF DOORS -__ 2 :----..--- 

NUMBER OF T O I L E T S  2 

II- -- OSjI-ALD - W I N G  -- EFFECT FACTOR ~ _- --.-o,-e!- .___ ____ - -- 

A I R  Dj-N-SITY - SE-A L E V E L  STANDARO DAY Oa0023769 SLUGS/CU* FTL 
A I R  TEMPERATURE - SEA L E V E L  STANQARD D A Y  519.00 OEGc RANKINE 

C R U I S E  V E L O C I T Y  5 2 O * O O  MPH 
0,uo MPH HEAD MXND _ _  V E L U C f T Y  ___ ___- I - _____ . -______- 

----__- NOTES 
1) AIRCRAFT ASSUMED TO B E  OPERATING ON A HOT D A Y  

- 

___Z)__TO~A-L.-_GROSS_W.E I G H l  INC_L_U_T)ES- F-UEL_ -_ - __ - . -_ _- -_ -~ 
3) L I F T  ENGINES ASSUPlED TO D f t f J E R  16.0 L B  PER L B  

ISE-E-NGINES ASSUMED _ T G  DELIVER-9.2 -_LB- - - ._ -.- 

GHT OF RESERVE F U E L  NGT CONSIDERED I N  T I N E  C a S r S  
EEVE-TIME NOT COb4JJDERED I N  TOTAL T I M E  FOR C A L C U L A T I N G  BLOCK SPEED 
I C L E  WILL C R U I S E  AT A L I F T  C O E F F I C I E N T  OF 0-30 

---_ 4, 
-5’  6 )  

___ __ __ - - 7 )  I N  - ._. CRUISE-__VEH __ - ICLE-MUST- F_LY-A_GA_I_NST -A- HEAD W 1-NO -OF - 0,O PlPH 



I _ _ _ _ _ _ ~ ~ - -  

A V A I L A B L E  CONTROL POWER- = P # - P E R C E N T  
--__ OF _________ REQUIRED THRUST HORSEPOKER -- - _ 

COMPONENT WEIGHTS - LBS 
i___ __ ______--__ -- 

FUSELAGE 13729e28 

3200, Ob I 242;. 74 ____________ C R U I S E - T H R E E  A T  1067, L B S  EACH ~ _ _ _ _ _ _ _ _  ___ ._____ 

NACELLES PLUS P O D S  
490.00 

UNDERCARRIAGE 3212*90 
F U R N I S H I N G S  6550.00 
A I R  C O N D I T I O N I N G  2 4 5 L  00 

_ _ ~ _ _ _ _ _ _ _  ENGXNE O I L  - - ~ - -  

__.- 

T O T A L  - GROSS WEIGHT lO?l83? 28 

WING ~- D I M E N S I O N S  ---- 
S P A N  _- 77-03 F T  
MX-AN CHORD 1 2 , 8 4  FT- 



- - -  __--I E N G I N E  -- . -- S P E C I F I C A T I O N S  ____ -____ 

MCRMAL RATED T H R U S T  PER L I F T  E N G I N E  11915004 L B S  
a i  77. gCT--'-UKT 

I_ --- 
NORMAL R A T E D  T H R U S T  P E R  C R U I S E  ENGINE 

I-- 

C L X M B  PHASE 

L I F T -  C O E F F  I C  I E N T  - 0.30 
P A R A S I T I C  DRAG C O E F F I C I E N T  0.028 

--______ __ - _  ___ ________ __. -~ 

T A B L E  OF P E R F O R M A N C E  ( I N C L U D I N G  RESERVE T I M E  A N D  F U E L )  



Y 

I___- __ -_ - - __I_ _-___ _-_____- __ ___ ____ - 
VEHICLE CENTER OF G R A V I T Y  

AND L O N G I T U D I N A L  A X I S  OF F U S E L A G E )  
( A S  __ MEASURED ____ FROM NOSE _____ OF A I R C R A F T  - ~- __ 

- --___---__-__-__- V E H I C L E  ___ MOMENTS - OF INERTIA - 

( A B O U T  A I R C R A F T  C.G. 

I X X  = 9 0 8 5 6 8 ,  LB-FT- SEC+*2 

VEHICLE P R D D U C T  OF I N E R T I A  
(ARO~AIRCRAFT C . G J  



- I _ _ - - ~  DI'RECT ____ O P E R A T I N G  C O S T S  TABLE 

-___L_ PUBLIC LIABILITY 0.9. 0. 9 O s  9 059 Qe9 
TOTAL 198s6 173.4 119-3 87,5  77-8 

_ D E P R E C I A T I O N  ( C / M I )  
A I R F R A M  E 28.4 33. 6 26.6 22.2 20.3 

8-0 7 * 9  LL-1 9*1 -________-_ 23- 9 
2.3 2 r  8 2* 3 2.1 2 .0  

-- --_^ E RP W E  -_SP_A RE S- - -. 2 e 8  __- 3.4 2_li__-& 2 - __ -2,o 
ENGINE SPARES 6*7 8;. 3 6m8 6-0 5 ,9  
TOTAL 49e1 59.2 47,s 40-5 38.1 

TUTAL ' c a s  OF AIRCRAFT =6.08 MILLION 
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A V A I L A B L E  CONTROL POWER = 25,O PERCENT 
+- OF REQUIRED THRUST HORS..Ol . rER -- ___ 

. I__-- ---- 
COMPONENT WEIGHTS - L B S  

__-- -____ - 

FU S E L  AGE 13814a49  
-___ WING 9 433L?L-- 

EPPENNAGE 2790m16 

L I F T - T E N  AT 854. L B S E A C H  0537a07 
E N G I N E S  --- 

_.--__- __ - CRUISE-THREE AT 1090, t8S EACH 3270.90 
_-.___-_A_ ____ - __ 

NACELLES PLUS PODS 12490,94 
E N G I N E  O I L  
UNDERCARRIAGE 3348-19 
FURN f SH I NG S 6550. GO 
A I R  C O N D I T I O N I N G  2 4 3 O e O O  

1445.48  --__ --H!R 4LJL-I C s- -~ _______- 
E L E C T R I C A L  EQUIPMENT 961.73 

642.00 
F L I G H T  CONTROLS 2232.13 
FUEL TANKS - - 966.52. -- 
PAYLOAD 20000.01 

600,OO 
F U E L  ( W I T H  RESERVES)  21587.73 

__ -____-- 490.00 - _ _ _ _ _ _ ~  

___.- ______ - -___ E L E C T R U N I C  EQU I P M f N T  

_-.-- ____.__-___ __-___ CREW __- 

~ - - -  TOTAL GROSS W€IGHT- 111663.21 

WING D I M E N S I O N S  

I --________.-____________I-_ SPAN 7 8 - 6 3  F3 
s MEAN CHORD 1 3 - 1 1  F T  
--- TAPER -- -_ - __._ RAT-IO-. -_ ~ _____ 1 

MEAN SWEEPBACK ANGLE 3 0 e O O  DEG 
ASPECT RATXO 6e00 
WING LOADING 108- 31 LBSISQ,  FT, 



--- NORMAL R A T E D  T H R U S T  PER L I F T  ENGINE 13659.31 LBS 
N O R M A L  R A T E D  THRGST PERXUISE EFGINE 8358 .98  LBS 

_--____ L I F T  C O E F F I C I E N T  Om30 
P A R A S I T I C  DRAG C O E F F I C I E N T  0.027 

I 

I N D U C E D  DRAG C O E F F I C I E N T  0.006 

--__ RATE OF .. D E S C E N T  7310m49 F T f  M X N  -~ - 

V E L O C I T Y  OFDES~ENT---- 515a67 MPH 

PHASE F U E L - L R S  RANGE-MI - T I  ME-PI ___ IN 

_______ O a 6 0  _ _  -_______._-__,________ S T A R T U P  AND - CHECKOUT L094,07 0.00 
V E R T I C A L  A S S E N T  2 1  8x1 0, a-0 0. LO 

€ : E L € R A T I O N  AND --- T R A N S I T I O N  8p.8.4a _-__ 0.00 0,67 
1293136  26.99 3r70 

551026 CRtrISE- __ __-. 10917,  --~-- 87  
0 ES C E N T  2218.36 21075 2-53 

63263 __-____ ______ 

D E C E L  €RAT I ON A N D  RETRAN S I T I  O N  1295.98 O m  00 -. 1*00 
V E R T I C A L  D E S C E N T  247 *-j7- Q, 00 0 0 1-0-- 
F E S E R V E  3432- 92 - 0,oo 2 O m O O  

---___ T O T A i S  21587.73 --- 600000 ~ 92.31  ~ 

P O U N D S  M I L E S  M I N U T E S  



Y 

---. V E H I C L E  PRODUCT OF I N E R T I A  
(ABOUT A I R C R A F T  C-G-1 

--I__ J X Z  = -43294-80 __ ____ L B - F T - S E C + + 2  



_-....---- FLIGHT UPERbTIONS i C / M I f  -- 
PXLOT 8.3 l o +  3 8.5 7* 5 7*3 

___I____ - __ - __ -_ _______- 
D I R E C T  MAINTENANCE ( C / M I I  

-_- LABOR ___ - ___ - AIRFRAME - 2 5 - 1  26.2 20-1 26.3 14-9 
MATERIAL AIRFRAPE 5s 1 5,Z 4- 0 3 92--- -- - 2.9 
LABCR E N G I B E S  13- 2 15.4 1 2 . 4  10 -9  POa6 
MATERIAL E N G I N E S  1103 13-1 10.6 9-2  9.0 

-____ TOTAL ____ __ 54.7 60.0 47.0 39.7 37*3 

____--I_- 

___--- 

__________ ___- - ~ 

N E N C E  B U R D E N  (C/MI)  - _  68-9 74-9 5 8 e-5 49,O 45-  ~ _ -  8 

OEPRECI A T  ION IC/ M I )  
A I R F R A M E  29.5 3 4 - 9  27.6 2 3sb 21-0 

I 

TOTAL COST OF AIRCRAFT =6 .45  MILLION 



-_I _ _ ~ - -  
AVAILABLE C O N T R O L  POWER = 35eO P E R C E N T  

-______ _____ -_ -_ OF __ R E Q U I R E D  __ T H R U S T  H O R S E P O W E R  ____ --- -I 

- -  ___ 

COMPONENTWEIGHTS - LBS 

--- ___-__I_ -_I_-- _- -- ENGINES 
L I F T - T E N  A T  972. L B S  EACH 9715m58 

642.00 _______ ___..___ __-_ - - E L E C T R O N I C  _. - __- E Q U I P M E N T  
FLIGHT CONTROLS 2328 ,53  

1018m35 
20COC~01 

FUEL TANKS 
PAYLOAD 

______ 

TOTAL GROSS WEIGHT 116497e7-T ---- 

_ _ _ _ ~ _ _ _ _ _  FU S EL AGE D I M EN S ___ I ON _S_ -___- 

_- - - TOTAL-LENGTH- -_ - 
O U T S I O E  D I A M E T E R  

-- IKSIDE DIAMETER 14m20 F T  
LENGTH OF POD 41-11 F T  
__l_l_____ ___-_ 

-----___I. -. NUMB E K 0 5-S EAT S- AB R EA ST 6 
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__________ ENGINE SPECIFICATIONS ___ __  __ -___-__ 

NGRMAL RATED THRUST PER L I F T  ENGINE 15544.93 LBS 
NC~RMAL RATED T H R U S ~ P E R R U I S E  ENGINE 8552,Ol LBS 

__-____-_ 

------ 
C L I M B  PHASE 

-.---__I_ __-.--__-_ ~ __ _________ - 
T A D L E  OF PERFORMANCE ( INCLUDING RESERVE T I M E  AND FUEL) 



____- - - _ _ - . ~ _ _ _  - _______ 
VEHICLE CENTER O F  GRTV-I-Y- 

( A S  MEASURED FROM N O S E  OF AIRCRAFT 
- ~ N ~ ~ I T U D ~ N ~ L ~ ~ S ~ F - F U S E C A ~ E  I 

I- 

XBAR = 44.03 /FEET __ 

YBAR = 0.00 F E E T  

ZBAR - = -0.16 F E E T  

____ V E H I C L E  MOMENTS OF INERTIA ____--__ ____ 
(ABOUT AIRCRAFT CiG-*3-- 

_- - I _ _ _ _ _ _ ~  

I X X  = I14 4 03 5 CB-F T- SE C +*2 

VEHICLE PRODUCT OF ENERTIA- 
{ABOUT AIRCRAFT C e G o  1 

2 J X Z  = -45433e38 LB-FT-SEC**Z 



_I___ 
--__-_-_______ DI 'RECT O P E R A T I N G  COSTS TABLE 


