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Aerodynamic Characteristics of a Tube Train
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ABSTRACT

Recently, full-scale research about a passenger tube train system is being progressed as a next-generation
transportation system in Korea in light of global green technology. The Korea Railroad Research Institute (KRRI)
has commenced official research on the construction of a tube train system. In this paper, we studied various
parameters of the tube train system such as the internal tube pressure, blockage ratio, and operating speed through
computational analysis with a symmetric and elongated vehicle. This study was about the aerodynamic
characteristics of a tube train that operated under standard atmospheric pressure (open field system, viz., ground)
and in various internal tube environments (varying internal tube pressure, blockage ratio, and operating speed) with
the same shape and operating speed. Under these conditions, the internal tube pressure was calculated when the
energy efficiency had the same value as that of the open field train depending on various combinations of the
operating speed and blockage ratio (the P-D relation). In addition, the dependence of the relation between the
internal tube pressure and the blockage ratio (the P-P relation) was shown. Besides, the dependence of the relation
between the total drag and the operating speed depending on various combinations of the blockage ratio and
internal tube pressure (the D-V relation) was shown. Also, we compared the total (aerodynamic) drag of a train
in the open field with the total drag of a train inside a tube. Then, we calculated the limit speed of the tube train,

e., the maximum speed, for various internal tube pressures (the V-P relation) and the critical speed that leads to
shock waves under various blockage ratios, which is related to the efficiency of the tube train (the critical V-

relation). Those results provide guidelines for the initial design and construction of a tube train system.

Keywords : Tube Train, Tube Transportation, Tube Transport, Maglev, Pipe Transportation
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F oo 5H EYe, 5B 24 lMagley, II0|E &, §EH A0}
1. A&
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2} FAI3E] oA BEE HA(FIATEL)

B Efel AlA"e] 7]YE& Pneumatic capsule pipeline(PCP)

system &2 A, 1810%d =9 George Medhurstol]l 93l Hx=2 F2H o2 Aoty o]F tpoksl A4
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o, FATF s BAF Wsk FA%t 1 Wel 7127 T AANAZ & Aolrk A A W
2 o 5 nh o AT WA 9 2 AAAT FHE oA, AR SUAE v

AT HA Al g& ¢F FAY, FHE YR o] wrpd AA Al FHE zropAm g g
sto] SAT gk oSty LAHELE P A1 ¢ JA "o AEH oz NEA A Ao A7)
T FE A=go R oA F Q= Hol ;A F 1, 2014 ‘Open sys.” o A|A 7
2o ZpAgsod, A e S Foixl 3 A2 i 89 EHE RYE5EE e FHE
gl Alzdlo] Hojgh =4 FA4 # F A FE W 49 @A vtE Y Ay d9 wAbE =
Aol frk. wEbA e SHolA HokE wf, old wakHlE sk FH U gEoldd FHOE
g <l 5 1olal, wxaby olske] FH tHoletd /MEX et a8 SHelA EAY B

F 1 2dE=600 kn/h)-2du]& E /EA e 4 FH o= FE U HY

Blockage | Train Pressure Average | Average Average Average Total Error
ratio Oper. [atm] Max. Pressure Viscous Total Dra [%]
Speed Mach # | Drag Drag Drag i]-o%
[km/h] Force [N] | Force [N] | Force [N] | [N]
Open sys. 1.0 0.554 13559.6 30482.7 44042 .3 - -
0.25 500 0.05315 0.628 40145.9 3763.8 43909.7 132.6 | 0.302
0.5 0.021 0.944 42124 .4 2572.0 44696 .4 654.1 1.463
0.75 0.011546 | 1.409 41595.5 1947.3 43542.9 499.4 1.147

X 2. $HEE(700 km/h)-H]E H A9} Y g8 YoE= FE U o4

Blockage | Train Pressure Average | Average Average Average Total Error
Ratio Oper. [atm] Max. Pressure Viscous Total Dra [%]
Speed Mach # | Drag Drag Drag i]-off
[km/h] Force [N] | Force [N] | Force [N] | [N]
Open sys. 1.0 0.834 29669.1 54102.7 83772.8 - -
0.25 700 0.05 1.194 79144 .9 6185.8 85330.7 1557.9 | 1.826
0.5 0.022 1.631 79184 .3 3896.3 83080.7 692.1 | 0.833
0.75 0.015 1.912 82789.1 3426.5 86215.6 2442.8 | 2.833
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719 oz f4o] 7F5Eo] Mach number 1 o]/do] W FZA3I7F WA 7ol A7 A
= A S7HAZIA But. 715 ARA L A AFE v A& FEER Qlste] AT A
E sk FRkot, AgkE ACAA & FAS st FH OEJY AT Al FAT EAE

we
weje] Folop @k, ¥ ATAAE FH ALWAA FAul B SR8 S
o]

5 E(critical
speed) 2 Aolalitt. YALEE HoAMH, A9 29 69lA et o] FEA FH H Al A
WAkl At el E4o] TASHy] wiel FaA el FrFgY. FH FE 0.01 718k StellA =eln]
ARz He dASEE a2F 114 JEgdTh. dASE olste] & Eed dux] a8 59
M= Fo vl A& FPHLEE ZHA Hrh. wbde| dAEE ol &g TP AT
S7HR dUA && SHolA = tah £4] gou A fFAERGtE A 4 2d5EE VM
T ATt mEkA dAISEE FH ERY 27|AA ojA, dalder A SHol A Y
TFEE&Y dyx] 528 SHo] A stE 58 T &5 w1y s geprjgoltt
olfg AAFEE A3 = Heole EFAY 3 AuEe Hate f&5S 7HEAI7|= T &9
FaFol 7HF AW, A 25 ~ 28904 E F kel ¢ gL glok. 29 11eA = 5 kel i
H &0 F7tel whet IAIEEYE 5dEs &  dnk. of A3E FE 71 0.01 atm StellA st A
A v &R dASE @ SFPHLEE o F7tsel, o7 dste FIHEE HIHES o F e

Stk

Oritical Speed= f(M+f, Re 1, 3) (25)
Mach Nmber (Mt )= f(T) , Reynolds Nmber(Re )= f(T, P, ﬁ) (26)
T= constant , Rett = f(P,[3) (27)

Critical Speed= f(3)

@] 93 ¥ Reynolds Number ¢ FA7bsst, o= @4 $A3 2(Shock
Structure)?] WS W=t}
Aoz AASEE H3n| & vhe 57 ] bEeo J g2 A9 qlt.

147



0

337

08

0.6

490
h\

04

686

0.2

—13— Blockage Ratio VS. Critical Speed at Pressure 0.01atm

800

o o
o o

© ~
(uwy) paadsg |eagu

=)
1S3
«

o

Blockage Ratio

Z1% 11. Blockage Ratio versus Critical Speed at Internal tube Pressure 0.01 atm

4.

Ho

% gelE 7

378

tel Avkt

4

1

el e s

1=
g

z7] AA

g

=24 Ayt

2) P-g #A,

Fl WA & 8)

R

A

Ry

3) D-V &4, ot

by %

S

2 44

SEED

al

| 3A Z7}

ﬂl

CRIRELE R

HE

@AM b= de) F
weol Aol e

B
=

el

6OL o

HAA

1
JE

A Al

7 AT 2Yd FE EHS Az

o
of

o

=

ox

=

B

Jo
.

o)

ol

o[

L
;OO

H

dr

el

o

ar

o

|
Yy

ZFA 2 2™ 119 critical

)

P
o

4
)
oy
ﬂu.o
T
Ho

ol

)

el

TR
ar

o
o
ujp
ey
T

148



R M ¥ (AASEE A G8HQ
e WY DE B DL A

F oA, ol®A TR WP En Foou gEom WA ool et 1w 3
Slel i 2 SuIEel e & At oldl@ SR Ee S AdN 2 R
Mg Asom oold & Utk thE s AA4 Sd 1Hﬂf”ﬂm“ﬂ4 &F A

=
—_
—
—
o
o
—_—

Wi, Fold $ALEE wgow
L BP BA(0Y 5)E B3 B

th fr

S

O A T
R

L/ Vo )

N
E=

e
ol fr 3 filo I 2o o

(o g oo o rE

)

o,
I

Jo it o,
ro,
o,
Ho
o2,
I
kT
o
=)
)
e
o
rﬂ
o
fr
o,
2
1%
o g
_|>i

dp
lo
Ho
o
B
k1
X
ol
(e K
=
o
R
o
o
o T
B

30
T
o
=)
a2
I
R
oy,
rl
fr ox
l
|
B
ey
)
!

fo
-
i

>,
[>
i)
rlo

PN

T

1= Al 500 km/h =
e (¢F 290k AE)F ¢k 0.025 atm
3}

&Y
ol
N
>
[>
)
o
—&S&m}:m
B Tt
rﬂ‘(m
JLO
g W

N

2,

ne Ly
e m
>
JE

rlj

o

o

H o
—

(e}

(e}

(@]

~

g

=

o

r—{o

Oz

Fﬂ

N

-

N

oL

olr

i

P

o -

ATE BF AW nHAE A& A, AMIEY, ALWE J1EPAe  HAAE
)

uk abel’ gk shATie]  ‘oFy)x x4 AR (NSL, S10801000121-08A0100-12110)

[1] T.K Kim, “Aerodynamic Characteristics of a Tube Transportation System,” MA Dissertation,
Dep’ t of Mechanical and Aerospace Eng., Seoul National Univ., 2008.

[2] Retrieved 2007.05.23, http://www.swissmetro.ch

[3] Retrieved 2007.04.23, http://www.cargocap.de/index_en.html

[4] Retrieved 2009.05.03, www.buispost.eu

[5] Retrieved 2009.05.03, www.pevco.com

[6] Retrieved 2007.05.29, http://www.cbruch.homepage.t—online.de/Rumba_e.html

[7] Retrieved 2007.12.06, http://www.et3.com

[8] Retrieved 2007.12.05, http://www.pe.com/multimedia/flash/2006/20060430_transportation/TRANSFINAL . swf

[9] Retrieved 2007.04.24, http://www.pipenet.it

[

10] AR, vrEA, Y, AL, “FEEEVIEY d%y A%, S EHES] A, v.11, no.3,
pp.59-71, 2008.

[11] o], &, @73, d8y, A48, “FHLFEANEE ALY dse7xd,” dxHL
35| =%4, v.11, no.5, pp.513—518 2008.

[12] AR, “FH F7|= A5, @BECEEAHT T, 2008.

[13] W. P. Trzaskoma., “Tube Vehicle System(TVS) Technology Review,” MITRE Report No.M70-4,
July, NTIS No.PB 193-451, 1970.
[14] Charles M. Harman, James V. Davidson, “The Drag on Vehicle in Tunnels,” High Speed ground

149



transportation journal, 1977, 11(2), PP 177-187.

[15] Rogers, Kwak, “Upwind differencing scheme for the time-accurate incompressible
Navier-Stokes equations,” AIAA J. Vol. 28, No. 2, 1990, pp. 253-262

[16] Chang Sung Kim, “Sensitivity Analysis for the Navier-Stokes Equations with Two-Equation
Turbulence Models and Its Applications,” Ph. D. Dissertation, Dep’ t of Mechanical and
Aerospace Eng., Seoul National Univ., 2001.

[17] Bo-Sung Lee, Dong-Ho Lee, “Parallel Computations on Steady/Unsteady Turbulent Flows around
Two-Dimensional Transonic Airfoils,” KAIA, 1998.

[18] Christopher L. Rumsey, Mark D. Sanetrik, Robert T. Biedron, N. Duane Melson, and Edward B.

Parlette, “Efficient and Accuracy of Time- Accurate Turbulent Navier- Stokes
Computations,” ATAA 95-1835, June 1995.

[19] Andrea Arnone, Meng-Sing Liou, and Louis A. Povinelli, “Integration of Navier—-Stokes
Equations Using Dual Time Stepping and a Multigrid Method,” AIAA J. Vol. 33, No. 6, 1995,
pp. 985-990

[20] Retrieved 2008.08.20, http://www.transrapid.de

150





