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2	
  

	
  
Current	
  transoceanic	
  transport	
  is	
  
inefficient,	
  fuel	
  dependent,	
  slow	
  
(freight	
  ships),	
  and	
  expensive.	
  

	
  
	
  



Solu?on	
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Low-­‐flying,	
  large	
  transport	
  aircraN	
  
uOlizing	
  ground	
  effect	
  to	
  achieve	
  

increased	
  fuel	
  efficiency.	
  
	
  
	
  



Background	
  

4	
  

Ground	
  Effect	
  
•  Fly	
  close	
  to	
  the	
  ground.	
  
•  Ground	
  disrupts	
  wing	
  Op	
  vorOces.	
  
•  Increases	
  liN.	
  
•  More	
  fuel	
  efficient.	
  

	
  
Perfect	
  for	
  reducing	
  fuel	
  costs	
  in	
  aviaOon!	
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Economic	
  and	
  environmental	
  benefits	
  



Benefits	
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Passenger	
   Cargo	
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Ekranoplan	
  and	
  Spruce	
  Goose	
  Video	
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•  Wingspan:	
  152	
  m	
  
•  Water	
  and	
  land	
  

Image	
  Credit:	
  boeing.com	
  

Boeing	
  Pelican	
  ULTRA	
  

•  L/D	
  =	
  25-­‐30	
  
•  Outboard	
  wings	
  

Olt	
  for	
  efficiency	
  



Fuel	
  Costs	
  

9	
  

Fuel	
  costs	
  
dominate!	
  

Trend	
  towards	
  
smaller	
  aircraN.	
  



Air	
  Traffic	
  Integra?on	
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SelecOon	
  criteria:	
  
•  InternaOonal	
  
passengers	
  

•  Cargo	
  traffic	
  

•  ElevaOon	
  
•  Distance	
  inland	
  
•  Maximum	
  supported	
  
wingspan	
  

Image	
  Credit:	
  united.com,	
  longshoreshippingnews.com	
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1)  Aircraft Weight Sizing 

2)   Takeoff  Weight Sensitivities 

3)   Performance Constraint Analysis 

4)   Engine Selection and Placement 
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Aircraft Weight Sizing 
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AircraN	
  Weight	
  Sizing	
  
	
  
	
  Designation Nickname 

Weight Wing 
Span, 

b 

Wing 
Area, S 

Aspect 
Ratio, 

AR 
Thrust Cruise 

Speed Empty, 
WE 

Payload 
WP 

Take Off, 
WTO 

lbf lbf lbf ft ft2 - lbf kts 

Ekranoplan Duck 630500 302000 837757 144.3 5900 3.53 228800 243 

KM Caspian Sea 
Monster 529000 300000  1199315 123.3 7131 2.13 286700 232 

RFB X-114 2205  - 3307 23.0 75.6 7.00 -  81 

VVA-14 Bartini 
Beriev 51119  36700 114400 98.5 2344 4.14 30124 346 

H-4 Sproose 
Goose 250000 -  400000 320.9 11430 9.01 -  217 

A-40 Albatros 96783   189630 136.5 2153 8.65   388 
A-90 Orlyonok  - 61730 308647 103.3 3272 3.26 80481 240 

Pelican* ULTRA -  2800000 5400000 500.0 43000 5.81   216 

Be-2500* Super-Heavy 
Seaplane  - 2204620 5000000 -  -  - -  - 

*TheoreOcal	
  AircraN	
  not	
  included	
  in	
  weight	
  sizing	
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1.E+3	
  

1.E+4	
  

1.E+5	
  

1.E+6	
  

1.E+7	
  

1.E+3	
   1.E+4	
   1.E+5	
   1.E+6	
   1.E+7	
  

Em
pt
y	
  
W
ei
gh
t,	
  
W
E	
  
(lb

f)	
  

Gross	
  Take-­‐Off	
  Weight,	
  WTO	
  (lbf)	
  

Historical	
  WiG	
  
AircraN	
  
Regression	
  Line	
  

Manta	
  Ray	
  

Weight	
  
EsOmaOon	
   WTO	
  GUESS	
   675,000	
   lbf	
  

WFUEL	
   250,589	
   lbf	
  
WPL	
   82,000	
   lbf	
  

WOE	
  TENT	
   342,411	
   lbf	
  
WE,REGRESS	
   342,019	
   lbf	
  Weight estimate for 400 Passengers 

306,175	
  kg	
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Civil	
  Transport	
   Number	
  of	
  
Passengers	
  

Max	
  Takeoff	
  
Weight,	
  WTO	
  

Takeoff	
  Weight	
  per	
  
passenger	
  (WTO/pass)	
  

Boeing	
  747-­‐8	
   467	
  (2-­‐class)	
   975,000	
  lbf	
   2088	
  lbf/pass	
  

Boeing	
  747-­‐400	
   524	
  (2-­‐class)	
   910,000	
  lbf	
   1737	
  lbf/pass	
  

Boeing	
  777-­‐9X	
   407	
  (3-­‐class)	
   775,000	
  lbf	
   1904	
  lbf/pass	
  

Boeing	
  787-­‐10	
   323	
  (3-­‐class)	
   557,000	
  lbf	
   1724	
  lbf/pass	
  

Airbus	
  A380-­‐800	
   644	
  (2-­‐class)	
   1,268,000	
  lbf	
   1969	
  lbf/pass	
  

NASA	
  Manta-­‐Ray	
   400	
   675,000	
  lbf	
   1688	
  lbf/pass	
  

Ground effect weight estimation yields ~10% less weight per passenger than 
current civil transports 

Passengers and Takeoff  Weight Comparison 
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Takeoff  Weight Sensitivities 

Takeoff	
  Weight	
  SensiOvity 

Parameter Payload 
Empty	
  
Weight 

Cruise	
  
Speed 

Range 
Cruise	
  
Speed 

LiN	
  to	
  
Drag	
  
RaOo 

Unit ~ ~ lbf	
  /	
  hr lbf	
  /	
  kts lbf	
  –	
  hr lbf 

Value 7.11 2.05 140 -­‐3,000 1,698,019 -­‐32,849 

Additional 16,980 lbs takeoff  weight saved per 0.01 decrease in SFC 
Additional 32,849 lbs takeoff  weight saved per unit increase in L/D 

Engine efficiency and L/D 
benefit from Ground Effect 

are critical! 
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Performance Constraint Analysis 
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DESIGN 
POINT 

Constraints based on: 
 Takeoff  Distance 
 Landing Field Length 
 Cruise Speed 

Design	
  Parameter	
   Value	
  

Takeoff	
  Wing	
  Loading	
   94 psf  (4.5 kPa) 

Takeoff	
  Thrust	
  to	
  
Weight	
  RaOo	
  

0.45	
  

Takeoff	
  Thrust	
   303,750 lb  
(137,779 kg) 

Aspect	
  RaOo	
   5	
  

Wing	
  Span	
   189.5 ft (57.8 m) 

Wing	
  Area	
   7181 ft2 (667 m) 
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Engine Selection and Placement 

Required Takeoff  Thrust: 303,750 lb (1,351 kN) 

Selected Engine: 4 x Genx-1B74 Turbofan Engines 
 
 
 
 
 
 
 
 

76,100 lb (338.5 kN) Takeoff  Thrust each,  

304,400 lb (1,354 kN) Total Takeoff  Thrust 
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AircraN	
  configuraOon	
  down	
  select…	
  
	
   	
  Blended	
  wing	
  body	
  

Configura?on	
   Pros	
   Cons	
  

ConvenOonal	
  	
   •  Well-­‐tested	
  
•  Passenger	
  accepted	
  

•  Engine	
  placement	
  
causes	
  sea	
  water	
  
intake	
  

Blended	
  
Wing	
  Body	
  

•  Low	
  drag	
  
•  Fuselage	
  shields	
  

engines	
  from	
  sea	
  

•  Requires	
  fly-­‐by-­‐wire	
  	
  
•  Untested	
  in	
  rough	
  

weather	
  condiOons	
  

Delta	
  Wing	
   •  High	
  maneuverability	
  
•  High	
  stall	
  angle	
  

•  Low	
  L/D	
  in	
  subsonic	
  
flight	
  

•  Poor	
  stability	
  

Wide-­‐Span	
  	
  
Wing	
  

•  High	
  liN	
  
•  Maintains	
  ground	
  

effect	
  at	
  high	
  alOtude	
  

•  Complex	
  wing	
  
support	
  structure	
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AircraN	
  configuraOon	
  down	
  select…	
  
	
   	
  Blended	
  wing	
  body	
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Cabin	
  Layout	
  –	
  Double	
  
decker	
  seats	
  400	
  

Rows	
  of	
  3	
  on	
  each	
  side	
  
Row	
  of	
  6	
  down	
  the	
  middle	
  
120	
  seats	
  on	
  upper	
  deck	
  
280	
  seats	
  on	
  lower	
  deck	
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CFD	
  Analysis	
  using	
  ANSYS	
  Fluent	
  

Velocity	
  Vectors	
  
Colored	
  by	
  Magnitude	
  

Pressure	
  Contours	
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Commercial	
  ground	
  effect	
  planes	
  will	
  lead	
  to	
  
more	
  fuel	
  efficient	
  trans-­‐oceanic	
  flights.	
  
•  Cheaper	
  flights.	
  
•  More	
  accessible.	
  
•  Less	
  polluOon.	
  
•  RevoluOonize	
  aviaOon	
  design.	
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AircraN	
  configuraOon	
  down	
  select…	
  
	
   	
  Blended	
  wing	
  body	
  

	
  
Configura?on	
  

	
  
Pros	
  

	
  
Cons	
  

	
  
ConvenOonal	
  	
  

Well-­‐tested,	
  passenger	
  
acceptance	
  

Engine	
  placement	
  causes	
  sea	
  
water	
  intake	
  

Caspian	
  Sea	
  
Monster	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Good	
  stability,	
  designed	
  for	
  
amphibious	
  takeoff/landing	
  

Designed	
  for	
  short	
  flights	
  

Blended	
  
Wing	
  Body	
  

Low	
  drag,	
  good	
  cargo	
  carrying	
  
capability,	
  fuselage	
  can	
  shield	
  
engines	
  from	
  sea	
  water	
  

Requires	
  fly-­‐by-­‐wire,	
  untested	
  
in	
  rough	
  weather	
  condiOons	
  

	
  
Delta	
  Wing	
  

High	
  maneuverability,	
  high	
  
stall	
  angle	
  

Low	
  L/D	
  in	
  subsonic	
  flight,	
  
poor	
  stability	
  

	
  
Delta	
  Canard	
  

Canard	
  increases	
  liN,	
  
improved	
  low	
  speed	
  handling	
  

Low	
  L/D	
  in	
  subsonic	
  flight,	
  
poor	
  stability	
  

	
  
Box	
  Wing	
  

High	
  effecOve	
  wingspan,	
  
lighter	
  wing	
  

Difficult	
  to	
  manufacture	
  

Wide-­‐Span	
  	
  
Wing	
  

High	
  liN,	
  can	
  maintain	
  ground	
  
effect	
  at	
  high	
  alOtude	
  

Complex	
  Wing	
  Support	
  
Structure	
  


