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A Parametric Study on Design Variables of Lifting Chamber Using
Numerical Simulation

Chang Soo Jeon*l

Numerical simulations on the flowfield of lifting chamber for Wing-In-Ground vehicle were
performed using Fluent/UNS 4.2 software. The trend of lifting force in lifting chamber and
parametric study of geometric and fluid variables were primarily investigated. Selected
parameters for investigation are inlet velocity, height between chamber and water level, depth
of the skirt, location of inlet, variation of height at bow and stern. Also, air capturing
capabilities from downstream of the propeller were evaluated at the air inlet. The lifting force
was increased linearly with the increase of inlet velocity and nonlinearly with the decrease of
height between the chamber and water level. As for the variation in depth of the skirt, the
lifting force was increased with increased depth. It turned out to have very minor effect on
lifting force to change the location of air inlet for lifting chamber, installed on top surface.
Tilting the vehicle when it was lifted, the lifting forces, generated in each case, showed no
appreciable changes.

Key Words : %% 4 A (Lifting-Chamber Design), %3 (Lifting forces), 329 A&+ G3-D
Steady flow), <X 8141(Numerical analysis).
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{b) Velocity vectors at symmetry
Fig. 4 Pressure distribution and velocity vector inside the lifting chamber
( V=50nvs, L=1m, ;= h,=0.1lm, X=1lm, Y~2m )
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Table 3. Effects of inlet velocity and
lifting height.

fE 322 (kPa) [FYS (ton)
v=T0m/s, h=0,1 108. 055 12.36
v=700/s, h=0,15 103,517 4,026
v=T0n/8, h=0.2 101.909 1.19
v=50m/s, h=0.1 104.587 5.99
v=50m/s, h=0.2 101,573 0.53

Table 4. Effect of outlet/inlet area ratio.

E7/dy (TR | oy

o =y (kPa) {ton)
h=005 | 045 130457 | 53.5
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h=0.1 09 108.055 12.36
h=0.15 | 1.35 103517 | 4.026
h=02 18 101.909 1.19
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Table 5. Effects of skirt length

7 gt{(kpa)| 2 (fon)
Skirt &0l 0.5m 107.879 12.038
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(b) Velocity vectors at symmetry
Fig. 6 Pressure distribution and velocity vector inside the lifting chamber
( VirT0m/s, L=15m, b= h;=01m, X=1m, Y=2m )
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(b) Velocity vectors at symmetry
Fig. 7 Pressure distribution and velocity vector inside the lifting chamber
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Table 7. Effect of aspect ratio in case of
side inlet(air velocity=70m/s)

EWul 7 otel(kPa) |5 221 (ton)
(:ézjlmg) 16 109.738 17.17
(5;5;: =) |82 | 10087 17.88
(f;.;u 2 |4 110.339 18.4
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Table 8. Effect of lift force due to
changes in distance between lifting chamber
upper surface and inlet centerline.

Hag=(Pa) | ¥4 (on)
d = 0.05m | 109.645 16.97
d=0.1m |109.738 17.17
d = 0.15m | 109.888 17.47
d=03m_| 109.727 17.14
d = 04m | 109.503 16.69
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Table 9. Effects of the inclined lifting

chamber
oot 7y
(kPa) (ton)
hy= h; = 0.1m 107.039 10.50
hy= 0.15m, h= 0.1m 105.021 6.79
hy= 0.1m, h = 0.15m 104.939 6.64
hy= h; = 02m 101.386 1.04 j
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(a) Pressure distributions
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Velocity Vactors Colored By Velocity Magnitude (mss)

Fluant/UNS 4.2 (3d. ke)
Sat DecOS 1900
Fluentino.

(b) Velocity vectors at symmetry
Fig. 8. Pressure distribution and velocity vector inside the lifting chamber

( V ,;,=70m/s,inlet-side,aspect ratiol6)

Table 10. Lift force wusing propeller
downstream
e Rdd | 37|
(kPa) {ton) S&F&E(%)
v = 50m/sec | 103619 |4.21 49.3%
v = 70m/sec |105.752 |[8.13 |48.76
v = 100m/sec | 110.118 | 16.15 | 4828%
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(b) Velocity vectors at symmetry
Fig. 9 Pressure distribution and velocity vector inside the lifting chamber
( V4=70m/s, L=1.0m, h,=0.15m, h,=0.1m, X =2.5m, Y=2m )
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Fluent/UNS 4.2 (3d. ke)
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(a) Pressure distributions
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Velocity Vactors Colored By Welocity Magnitude (més) Sat DecDS 1
Filuentino.

{b) Velocity vectors at symmetry
Fig. 8. Pressure distribution and velocity vector inside the lifting chamber
( V ,=70m/s,inlet-side,aspect ratiol6)
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(kPa) llon) |[+&E(%) Aol M Ao n AFEHUA FTEHo] 2

A7l MEor BAY, A4 939 /54

= 50 103.61 421 | 493%
v = Somisec | 103619 3 22 EHM 0m/sz Solor ARfHe
v = 70m/sec | 105752 |8.13 4876 131.2292kg/sol At HEE TN FUdH=
v = 100m/sec | 110.118 | 16.15 | 4828% AGgGae oyt 4876% WA T 67.23kg/s
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Fig. 9 Pressure distribution and velocity vector inside the lifting chamber
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Fig. 10 Pressure distribution and velocity vector inside the lifting chamber
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