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Prediction of Aerodynamic Resistance and Micro-Pressure Wave in Tunnel
for High-Speed Train

Kiyoshi Morita

Abstract

Aerodynamic resistance is very important for the speed up of a train because it increases in
proportion to the square of the train speed. Another important issue is the micro-pressure wave, which increases
in proportion to the cube of the speed. When a train enters a tunnel at a high speed, a strong pressure wave
propagates inside the tunnel at the speed of sound and is eventually emitted from the outlet as an intense noise.
From an industrial point of view, it is required to solve these issues at the train designing stage. Thus, in this
study, two new methods of computational fluid dynamics which have both accuracy and low cost are proposed,
one is to predict the aerodynamic resistance and the other is to estimate the micro-pressure wave. New
measurement method is also proposed in order to estimate the aerodynamic resistance of a real train, and the
accuracy of the proposed method is verified by a field test and a moving rig test. The obtained knowledges are as

follows.

First, a new measurement method to measure the aerodynamic resistance of a real train is proposed.
The aerodynamic resistance consists of two types of drag; one is the pressure drag of the leading and trailing cars,
and the other is the friction drag of the middle cars. In general, the coasting method using a real train has been
widely used to measure the aerodynamic resistance of whole train. However, this was a time-consuming and
high-cost test, and it required the control the train mass. To overcome this problem, the present study proposes
an entirely new method that utilizes the monitoring data of trains in commercial operation. One of the difficulties
to use the commercial train data is that the train mass varies in accordance with the number of passengers and the
value of air density depending on the atmosphere temperature. The conventional train resistance formula is
modified so that it can treat the variations of the train mass and the air density as variables. Satisfactory
agreement is obtained between the present method and the conventional coasting method with an error less than
3%. A method to estimate the pressure drag of the leading and trailing cars is also proposed, where the friction

drag of the middle cars is estimated using the data from the pressure measurement of a real train in a tunnel.

Next, the aerodynamic resistance which train encounters during travel is estimated using a
computational fluid dynamics. The results are verified by comparing with the actual test results. Methods to
reduce the resistance are also studied using the simulation results. A steady flow simulation is adopted

considering the fact that separation locations of most of train components are fixed, owing to the



non-streamlined shapes of the components. The steady flow simulation considerably reduces the computational
time and cost. Simulation results shows that detailed modeling of underfloor equipment is unavoidable to keep
the accuracy. The prediction errors are 3% for the pressure drag of the leading and trailing cars, and 7% for the
friction drag of the middle cars. Consequently, the total aerodynamic resistance of train is predicted accurately
within an error of 6%. And, it is also found that the underfloor flow away from the leading car becomes a
Couette flow, so the aerodynamic drag generated by the underfloor components and the bogie approaches to a
constant value. On the contrary, the aerodynamic drag generated by the roof equipment and side of the train
decreases downstream owing to the development of a boundary layer. The results reveal that the fluid simulation
should be carried out against a train of the same length (numbers of car) as the actual train for the precise
prediction of the aerodynamic resistance. In addition, it is found that the major sources of the aecrodynamic drag
are the roof equipment, bogies, and inter-car gaps. The roof fairings and covers for inter-car gaps are found to be

effective to reduce aerodynamic resistance, especially the roof fairings, which can be easily installed.

Finally, a numerical prediction method of the micro-pressure wave, which is generated when a
high-speed train enters a tunnel, is developed. The accuracy of the prediction is verified by comparing to the
moving rig test of 1/30 reduced scale model. The strength of micro-pressure wave is evaluated by the maximum
pressure gradient. To save the computational time and costs, new prediction method is divided into two steps;
the first step is to perform the three-dimensional inviscid compressible fluid simulation, the second step is to
calculate the pressure increase due to viscous effect by one-dimensional theoretical calculation. Comparison
between the present prediction and the moving rig test showed that the prediction errors of maximum pressure
gradient, which decide the strength of micro-pressure wave, are; 4% in the case without the tunnel portal hood,
and 7% in the case with the tunnel portal hood. The estimated reduction of the maximum pressure gradient
caused by the installation of the portal hood is approximately 33% in the simulation and 34% in the moving rig
test. So, the estimation by the numerical simulation is found to be very accurate. The result shows that the new
prediction method, which consists of a three-dimensional inviscid compressible fluid simulation and a
one-dimensional theoretical viscosity calculation, can be a practical tool for prediction of the micro-pressure

wave.

The methods to predict the aerodynamic resistance and the micro-pressure wave have already been
successfully applied to the product developments of high-speed rolling stock. The methods proposed are
showing promising capabilities as development tools. By applying these methods to next generation of rolling
stock, it can be expected that environmental load to the residents and the earth can be mitigated by reducing the

energy and the noise.
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1.1 WFgets &

BITE, MRS E CERERE, FRCHBRIRRE(LRIRICRT 2 E#AEE->T0d. K 1-1 1
AT LI, BREFHEAEREE (N Fa) H720 O COHEHED, FRATHEL 5 1/5 &
INEWV[1]. D7, RERBEAMOBmETELE L CTERSNTEY, BN, FE, ek, B
FOF K EHARASETEE~DE—Z /L7 h3MTHIL TV 5. UNIFE (UNion des Industries
Ferroviaires Europpennes) 81T DO #GE i A & [211C L 5 &, 2013~2015 475 2019~2021
HREIZT T, SRETBHITEEI2%DOEOEENTIRIN TS, ZOH T, SRl Fx
HFER35% CHE L TR Y, FRICH M AEITIEE A 200 km/h DL O @ $k5E B 243 10%8E O
RENTHISNTWS., Sl EmOF]SIE, Wik om B2 Ernsd & Thh, T
BUTE 138 @ BE 300 kmvh &8 2 % i Bl 23 E SRR A BHAA L TR 0, S b7 5 mnd ksl
FFIfLTnsg.

PREHEE OESE OB L U, EfTHE O E T TN 2 i ARBIH oM b2 /3
Thsd. HIZIE, ETEEOK 2 #TRE L ARDIMEEST, ETEEOK 3 FIZHHIL TR
ELRDHEMD b RIVIZEANLTEBRIZHEAESE D b O RVEER & XN 5 HESBE, O
KIS L 72 C b S [3]-[5].

Automotive i i :'145
Airplane — 596 E
Bus — 66
Railway F 20 E E E
0 50 100 150 200

CO2 Emission [g/(passenger*km)]

Fig. 1-1 CO; emission of each transportation system.



1.1.1 JEESLC >N T

PREHEMICIBNT, EEEHE (W) THE SN DR SIEOETIRILR 2R3 E LT,
LU FDOR(1-D)~(1-3)B R E STV 5 [4][6].

R=(A+B-V)-W+(C+D-L)-V? (1-1)
R=(A+B-V)-W+E-V? (1-2)
R=a+b-V+E-V? (1-3)

ZT, ROBAEIN (22— b)) THD. £z, W HlifHEHRE E(ton), V : ETT#HE (km/h),
L: iR EMTH Y, HEOEAGE LI DED ONHHETHD. TNENDOHREKA~E, a
~bIZHOWNWTIE, B OGRS EOHERITKF L, W AOEE 25, HWE 0 RIEDAR
K al, =il & #h F OBEBIKGUCER T 2R CTH 5. HE | REDOBODIL, Hime L
—/L DA Y BEEARGTO B ORI K 2D BEEIRSUCER T 2R Th 5. 2N HEE 0 F
EBLWN1LFHEHTEINDIA+B-V)- WEBEXWa+b-ViE, KL THL. —F, HE 2
FHTRIND(C+D-L)-V?, E-VHIMEEIZRL TS, 22T, REC 13ELHB XL
OMEJRE 235 2 JE P2 /R AR B 135030 K OVE R 2 BR\ N 7= ik o P T B |2 3
2 PG A R R E I 351 D AR L, S [ ORI 3 1T D ZE B O L,
HHE Y OZERRE O, SEEE WS, 8L OHEEERE OB K2 S H, KED
BRI E L CbiLb.

AARENTIE, Fig# T < OETIRMORENEm S TR Y, HEliBAmEIs, K(1-1)
(1:2) CARTAREDHE S ATV B [4][6]-[9]. FERDO—BI A2 1-1 B LU 12 1R T. Bk
EHAERTHRBEZ LT 5 &, 070 100 B TILK 1.3 THo7223, 300 RHTFEHRE T
1% 1.0, 500 RHTEHETIL0.84 £ TSN TEY, ZOME, ETEIARE L TET
WBHZERDMND. T, EEBROa 7 — XMk, H#TIT S R A O Bl OB
FFEDHE/, BHFEO 7 =T Vo TR LEZ SN TWA[T].

F7-, WEAEBOMRER E LT, FET 200 km/h TEITT S, Class 222 3 L Class 390
DEITIRPIZ £ 1-2 B L O 1-3 127R797[10]. Class 222 & Class 390 TIZH DR S A HE 2%
W, FILthD 7T 7 Lo TEY, #E 2 FHTH D MBEIOEENRRKE NI L3bnd.
[ 1-4 |2 Class 390 (Z351F H EITIRIUIC I T, BEWIRL & TRIARIPTZ Bl 2 ICFRR LR R %
AT ETTHEE 90 knvh L EIZEWT, SRS B 728 PT & 72 v, AEATIEEE 200 km/h
TIE, REITIERILO 80 %N ARIRIL L 72 5. D7, FFIZ 200 km/h LL_E O @ HHIZF 0
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T, AEHIOERED, ETROZ R F—(KBUCEE THD Z LB DN5.

X 51T, HARIZERM JIS E6002(2011)Ti, HARFEAEE 80 54 HLl o A1 THIBTHIE Ot 5
nh, FaBIomEHEEDETEIALE LT, A-D)XE L iEicoE - ©% L7-0-4)
KRR STV B[]

R = (16.18 + 0.2422 - V) - Wy, + (7.65 + 0.0275 - V) - Wy (1-4)
+{0.275 + 0.0765 - (n — 1)} - V2

ZZC, PAFESCFTIIERBIHOE— 2 BERE ST R WG (Trailer #lj, DIF T #H &
FES) %, MIZBREIHOE —Z 3% E SV TV D BREIH (Motor Hijl], LI N M HL.EMES) %
R L, Wy T HOHEFRRAFHE &ton), W)y, : M B0 B R A 58 & (ton), nl 3= %L
(W) THD. AARTIE, FRBRUSAOEEIZEBW T, FHEORFRHII1-4HXE2SE L LT
WhH. Lo, ZoONSHAEES &, Class 222 DFREEIL 0.581 EFH S, £l 0443 X
D, K 30%BKRICHED D2 & &0, ETERIABKICEHMiSND Z ENRmBEnTLE
5. TORERE, BREREEENLBANICAEG 2 2L L0, BRENROAFEEREE Ok
FMKICHELTCLEI LWIOBHERS L. o T, LV EBEICETRILE AL 20
BMEPLETHS.

PERITIEGR FEERIZ J 0, Sl #m O FIZRBIIR DT IR ik 4 i L T 72[12][13]. &
7, AL CHERR S A 2 BRE HE O EE AR RPUI T M EICR T AR TH 5 Z LD,
DN T b BURFEERIC L 0 IRl b &2 S LTV A [14]. LavL, ZOHRHEOFA
HEHUTHO W TR R DNNEE T 5 O T, BT IC X 25l AR S s, 72720,
ZHE TOSRE R 255 & U BUETRARAENT[15]-[21] T, T EO RIS OV TR B
F L FHFTDHETITIEIE TV, I BT, MR ERDEMIL, FripipaeFELETIHERT
BedR % 71 N — TN RBIE TR O W OMFZEA % <, EATIHE 200 km/h TETT 543
—DRW (ETOMMNDH5) Bl TORMBEIO FRIFEIIMEN. STV,

Z 2T, AWM, BERART 2RV T, Box—0kn FEToMMoH D) EHiEiZ
DT, HTHEOBRF AR RIS Z T 2 HFIECOWTHRETT 5 2 & & L7z, s
RAIZHOWTE, EHERBROFREH WD Z & TREORAELZTT o 72[22]. 72, BAETEIRMENT
DFERZ AL, TGO AINL & BR A B L, JRARIRGURIRIZ 0 A1 22 5007 & fest
L.



Table 1-1 Coefficient of train resistance formula.

Coefficient
Train W (ton)
A B C D E
Series 0 972 11.77 0.2158 0.1275 0.0028449 1.265
Series 100 922 13.54 0.0530 — — 1.355
Series 300 632 13.30 0.0134 — — 1.021
Series 500 640 21.02 0.0100 — — 0.838
200 : : : : :
——iSeries0 | | | :
=3 —— Series 100 i ! i
o R CE L I I S S
c — Series 500 ! !
2 ! ! !
7 100 f-------- s EaER L L - o5 i SRR
e 1 1 1
00 : i ' ;
C 1 1
'c : : | :
S 20 prmmmees > i i S HER——
e | . | |
O : 1 1 1 1

100

150

200

Runningvelocity (km/h)

Fig. 1-2 Running resistance of Japanese high-speed train “Shinkansen”.

Table 1-2 Coefficient of train resistance formula in UK.

Coefficient
Train
a b E
Class 222 3199 7.91 0.4443
Class 390 5311 21.696 0.9097
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Fig. 1-3 Running resistance of high-speed train in UK.
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Fig. 1-4 Running resistance of Class 390.



1.1.2 P RIVEKERIZOWT

SR HL R O SCEHE N SR T R R IVIZEAT D &, P RN ZEENENE S, FERER
DB SN D . Z OFEMER I, 3 ORI & [ U b > RV ZIEIE G TR L,
BRI AZEALTZAR &SSO NS L 2ZROENP & LT, TO—EBEHEhs.
Z OOV RDIEN W, B REEER[23]1E RIS . Z OMRIERE A K E WA,
R FOVERICIWNT, EEEE LTI 270, RRAZEDHSEL TIHABH 5.

MRIEIE DFEA T =X NZHONT, K 1-5 ZHOCHIAT S, Bl b RV NIZZEA
L7z, Bl A PEBR T 2 28503 & 2 iz e i iud e 2. RES I E & AN b
ST, FUFRADOANHDGBEEOMEIT S & WM TRE T2, Y OZEKULET O
RIFICEM S D, ZOEIEE, HEEOBES bR VEEECRE SITREL, Hl o E
MR ZNGER N RVEITHFE DN S OIGE L HEE AT I SN D ZZROEEN L e D
Z EPHERRIIR S TWA24]. HLHEFTS O ZERIL— EIZRENEME SN AR TIER <, £
L [ELAT D 4 K0S MG S A, JEME S Ao sEPEIERE ] & & b ISHEEIT T AT I TR
TV ZOFEMEIIE, P RAUNELGRE L TO<IEBERET b RVEERSCHLIELZ Lotz
AL () EOBEBTHET LA, 27 Y — MO R T THLE CIERREE ORE /)
EL by HAE TREEND R BbD. b RVNERIET DIEMERILE 3 Claib 573,
JEMEIE D1 AR D F5 53T D3 i T2 9D L O FERRTZ RN R K 0 JERME I DO ndo 5 S 23
K72V, HEMEOWKEIZTIV > TS (EHARNPKEL2D) . FrRVHRICEREL
T EARIE, K AR & LT b R VNICR ST 288, £O—08 b UL
ELT R RIS END. 20O b RVBEEROKRE S, Mo OIcEET
B ERER O E S AN L > TR E D Z ERENTWA[23][25]. #iE- T, JEMEE D=
DNSWa 7 Y — MO R T THE TIEMRERIC & 2 58S BN BE T 2 FTREMED
<, ZOTREMRPRDHNTND.

b RUVBEER ORI IE, 2R E TIC b4 RFEMERSNEMLL SN TN D
[26]-[29]. ZDHTYH, b RVEARFOIEMGKR ORAEZIEMT 5 2 L& Bl & L7 #il Jesl
Hov 7 ) — MR O R & Vo 7RI, R AR S <N KON E
NOFFRE M OFRFHI AN SN TS, o, P RO RN S TS, i
AL, EEAZAT LMD VAR, FELEMEIND b X0 BrmfEoRE »
BOROEEY ZRET D EBRHRNTHDLZ EnMbN TS, Fe, b RAMRE
B DRI IE 2 T 2 FBe & U THAETLIRMENT M2 S S VTV 2 A3 [301-[32], SE8IRA 3
WITTEAR & LT2 38 OB EE IO W T OREHT 45 L 13 E 220

Z 2T, AWFZETIE, BAEFAAENT 2 AV C, R E OGBS b ROV RER &



THRFT 2 TECOWTHETT 2 2 & & L. MR RIS OWTIE, 1/30 #g R 2 VT 5
IABFRERORE R 2 VT, R ORGEEZ 1T - 72[33]-[35].

\ZA4
DS FAN

> X

A compression wave propagates Pulse-like wave
towards the exit of a tunnel = Micro-pressure wave

5 T
V.

Fig. 1-5. Physical mechanism of micro-pressure wave generation.

1.2 WFE B Y

AAFGENE, BEEm O EEIOMETH D, PRI b o RIKUE I 2 5% 5B JE BERS
TS 272018, RV = 2 P CERER PHIFEEZMET L2 AN E T2, Wi
BARICBWTIE, RTA—F —H—_A BT — AN EL 2B Z LD, fifr=
Z FMES OLETEIEEICHAETE D FENRD BN L. £2C, AIETIE, %
NOBEIZIE UTC, B DR FEZ2 AWV TRITEEZRE L. ELETH
FAEDORGE, 3 X ORIV OME & VEREFTM 2 940 L, 2% L7z THIFIE D FEEE O §kiE il
DOWFFERAFIZ I 1T 28 APEIZ DWW T HRRE L.

1.3 R DERK

AFH ST, BE M O mE L O T H 2 iR EITR KO b o R VKRB OB LT
WFEZREL TS, 61T, BELEZTHFECONT, ETRBROM R R 2 M
WTE DRI A FEhE LT 5. PR ICAGR X O A T



82 BT, POERMOWAIRITE RIGUT, SHT TS A RIET 5 72 O ERTIE 2
i, BEAFRERIC IV C (a) b RASROBIN ) KR COMFTEIC K 2 B AK O TR O H)
TE, (b) bR VR TOHESENDMMIEIC & B RRIEFR O FAREROEN, &%) 2 F
& DA LERERIZOV TR . RIS @0 I RO MIKBSTTORE T, #3E
T OB H A ik AV 72, FEREEFOH LVBE AT L ORA LR A iB 5.

3 RETIE, SREEEOWRER L RS, BATERARET 2 e T U B
T 5. FRATIC & B TR R SR & e L, ARHTHITE & AFAT L 7 R RIC SV i 5.
E72, HOMREATORRE AT L, FERETIO RN & BG &I L, FAEIERIC
SHRH TN B L CRA L T R R A5

B4 W T, PRAMRIER 25 S U, BIEFRRNT & BT & A - Tl ks
BELTVD. BELMIT TR, HRE2mECT) 22 BME LT, B2 EE LA
VN Buler 7 RS — 2 CEUBF AT 2 S0 L, itk o 828 % Blaa et & 0 RIS EH 45 Hik
Thb. FEHT 1/30 i R Z O 5ARRBREER L, b RANOEN EFIZONT
BREMET D & bIT, IR E ERGERZ B L, MR FEE RGE LRI o0 T
w7,

H5ETIE, AWHEOMmEZIE~D.
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#o®E RSSO FZREA;

1 IXC®HIZ

PREHE /R T 2 TEPUCIE, HEDO 0 TR IO 1 FICHHIT DB & HED 2
TS 2R AERGTD 2 FEN D D . B X O ISEEET T 2 Hl T, ATE T
B“EORENEFELIWRT D720, WMEEIZ VI L THERT 200838 & > T b,
— I, IR < VRIAERBUIE G & BEEIREUC 0T B D Ay, RV ek o $kE Hm o
L O ek omik T, SeEEE & BRI OEFEIC L > TAE LD ERFL L Y & PRHE
] D EEIPLOEI G NI L 72D Z ERHE SN TWA[1]. BifE, FRIFEmEORK FER%E
VRS D 2 & THUE O PRARHRHT A AR 2 B0 $L A 03 B SEER & 0D H ATV 53
[2], RHALEASR O D Z EITMA, IR FEOBEHEZRFRAVEFHRIT & 720 e &38R Tl 2
ZEHEL, BUEARRITIC L 2P FEOHESI N LZEN TS, LLRRL, ZRET
DOEE B 25t G & U= B RS AENT[3]-[7] Ci, HRIEORAEIERI 2 BE L FHIT A ET
IZIEE STV, DI, ®RELDHMIT, FripasREE TR TESRE IV AN—TF
DI IR IIR O Bl OS82 2% <, EITIEE 200 km/h FREE TEITT D2 0 /N—D 720 (G
FOMMO & %) Hl] TOFMHEGLO FRIFEITHL SN TWRY. KEmSCTHE, s
FRATIC AW TR IR O PRIBAN AT 5 Z L 2 RN E LTV D, KETIE
ZDRGET — % & 75 2 EEROGE Bl OFE RS2 REE L HIET 2 HIEOMELZ B L7z,

AR, Rl oo &5 ITHREEE I L OMZ RBE N 5 FE HHRET & R L 28 =70 5 EEA &
IROBEBRIKPIC Ry SnD. Z0o b, $%EOFEEROBEEEIIZ OV T, shEka i
WA FEET O« IR B 23, BFEAS N & R UAZZEN L7 BR o Bl O £ /1 E 2 HEH 35
FEEREZ L TWAHR[11]. —F, Jeiaifiis KO EMAHE 5 L IRYux, EHEOWUENKN
HTHDZ 0D, ENEGLE BEEON ;2 GBS ROz E L, I
O EmOBEEENABAE T 2 2 L TENVBERAZR LT 2 HERE LA TND. TR,
Bl 2R OFAREKPLORE L, EEAZEHE L-Hl 2 BRSBTS, £ OHEEE &&=
W )N D AT 2 RIE A S 35, 1B & RN 2 FHRBR A TThh C&E 7
[12][13]. L2vL, TEROWEITIEICEHAITIE, BRI 235 3 8l O 1T O 22 WIRF R HF ICER &
nNo5ZEnG, | HCHETE 27 =280 b7el, BEL LT 212132 < 0Bz 1To1
b2V IMEN D ST, 2T, AMETIE, BXRETHTOEMDETT —F &1%
MT 52T, HFHRBREFEMT L Z & RG22 &0 ETRIL A HIE T 587272 51k
AT HZ L L L.
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2. 2 RETHR LT HHEE

B4 2.1 12, ABFFEICBWTRE RS & LCTIRY RIF 72 HZ2EITE T LT 2wl #E #h o
CAD M %Z77. KO@IFLHFEHOILKK THY, AT WL I ICHEETZRWTERRILT
Wh. BIOICRT XL DI, ARERET 6 MRk L 2o T, RMERIL 2 Mk s 2 2
ET 12 W COEH G ARETH 5. MTHIRO—IF R & By, millEfTAaEs L
TWAT=8, S D /) — XTI S VIR ORERER S i S v Tn b, 7272
L, fiEax hEoFREWVNLHEBA LK FOERE I AN—[IREINTE LT, HHO
BEEREPKONTWD. £z, BR BIZITEREE R &0 —E ORIME TRE S, =M
3o HTIR & 7o TV DL RIRIRELO PRIEIR OMEHE, 2O X 9 REBHFO #2654 &
LT 7.

(a) Nose section (Bogie is not displayed)

(b)Whole train

Fig. 2-1 Target train model.
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2. 3 MAAEGLOFEMK

AREITH, BIE TR LI L0 3 oW T 5. ghEk A Bt
AT AR SN B RIS BN T2 BTN B W T, B0 X & 2 DA O XENC BT 5 ELT
EHRMNIZ, Z=hEh

B0 IXTH]

1 A
R:(A+B-V)-W+EpA’<Cdp+EL)v2 (2-1)

R o LK IR OB A)

1 A, XN v?
R:%A+B-H-W+§pAka+&X1—RQ+EL& +§Q

a-ry 7

EHZBNTWD., 22T, DKM EE MRV UAOBRKKEEZE L, hrruErT
D ETHEIUL P RNV RS EZERE L2 OEE 72> TS NP DA, BIXH M EAA O
FETHY, WITHEBE Eon), LIFEERKOE S(m), VE vidFEER L OR3E £ LZ8
W] O EFTHEE (km/h), (m/s) T DH. £, plIZEXREE (kgm®), A7 IZHEGOMETH NG R
7= 5E OWHEFE(M?), Cqp VX HL O JEFEH F L OB O FEHRHURERC), A7 1XH O (AR
BAREC), dIFEBHOKNERZMTH Y, R(=A"/A) ITHETG & b RLOWHEEL, Al
kR OEEFE (M), AU bR VR OPRREELREC), diE bR DKIJEE(m)TH
L. ZHZHLT, PrRAREIVARDEGE, b WNOETERIEIE,

R=(A+B-V)-W

1
+EpA{ahp+R0( (2-3)

v—u)z_l_iL(Rtv—u)lRtv—ul +£L (v — u)?
1 _Rt d (1 - Rt)3 d (1 - }?t-)3

LD 2T, wIHEED bR AVNOER AT T LT Z L2k > TA
L5 b FNOREmMS) THS. N FNVEINEREOEAIZu=0 725D T, (2-3)
RIZR-2)RU—FHT 5. b rANEE u OfEIE, FTRQ-HNLEHTHZLNTES.

R, — % _ (1 — R)R¢(by — by) (2-4)

ZZT,
A
by = {5 = 1)+ G} (1= R (2-5)
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!

A
by ={(1 = R)(Cap + R + L} /R, (2-6)

ThHY, LT b2 oEIm), Gl h R HAY HOBEREHTHY, bR AMAE
WA T 5 2 L2 BHMICRE SN D, BETEMEND b VAP X O BrimfEss K& 72
7= KRB EERE, CoOEIX 1.0 &70d. Lo T, (LD HEIZL > THMND
X 31T 2 FeBRER 3 & OMR RS 0 DHHUREC,p & HEI DO FL IR AR DA D
X, EdRoXQ-D~Q-60)ZH\2DZ LT bV REOWRKIEIE FHITLZ LN TE S,
AT IBNTIE, BRRIIA S OHEL ARSI MO LML LTRATS. 2oL ¥,
BB HL OFAESIZIE L < PIT 2720120, Dy, LA WEERGERL 25,

2. 4 PAES TR EEORIETFIE

HITET Tk ~_7= & 912, SREREMOFRAEEIZ TR 5720120F, LB OEIHEHUREC,, &
Bl D PSRN 2R L AL 2BENRH D, FIEHORERIZIENT, ThE
TIECgp \Z DWW T EGRER 2 HEH L, 2 IZHOWTEBIFORUEROEZEN T2 Z &
M—RTH o7z, L LB D, BEIFER TITHEmEOIERH A LETH Y, k%
RS D7D S BICE < ORI 22T 5 Z L b, BUEFAT %2 W TE DS UR
MCyp & M DTAREIRIRIA 2 RDD Z EAWRHIN TN D

2T, RWRFETCIE, BEAEATIC &0 B H I ORI E Tl 2 HEr o E HES L,
TRED 3 BRI TRFTEITo72. 20955, KREHLOERICES 4% STEP1, 2 2 A%
T, STEP3 #% 3 CanBH 7 %.

STEP 1 : B0 X CTOEITRERIC X 2 8kE Bl O J IR PRI GEE 2 /IO BFEH Y
STEP2 : b R/IVIXETOEITRERIZ X 5 o O FRBEEAR A OEH
STEP 3 : BABEFRARMEHT 0 FEHE & K B FRAE

2. 5 TAEHUHRE (HEE 2 3RIE) ORIEGIE

— I, ETEILOWEITIIEITESA OO D[12][13]. ZOTFEIE, BEMRERLHE
] % AL O FENEAR OB 2 ) X CETT (il X ONGRIE S 03 L IREE) S8, ZofEos
L B O TR S T 2R FIETH 50, Mi#EIE R O fuE BEEIC K 5 il
FARFTROENE S M O AR & 2 EHINEE OB E BT DUENRN &b, HljoE
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ITEMARBE LTI T 2 Z ENAEETH H. £ 2 TAIIE THIBITIEIC L 5 ETEIOG
W% F2hE U7, 1EITIE T, ETEIBRMNIE, HlEiHERSEROEEE &EW (kg) & B O JEHH
& a(m/s?) % VT,

R=W'"a 2-7)

ERFESIND. BRI TIE, HEAKOEEOHET —Z I LT, Hig-CHilis ol
R R OEMEEEZNK L=t 02W' s LTHEX -, O, JIS E6002 2V, M HX
B ZE D 10 %, T HIZHEBZEHEED S%E2METHIZ & & L.

FEITIR AT K 51T, EROIEITIEIC L 5 EATIRELOWE I, AEdo> 8y VEHR X M 2 HE X
e LTEIR L, HEmAHEXMICEAZRT SICBEITSE2FEHORBRAfTThb T, L
2L ZOFETE, FHUDIRE « B HEE O ETORVEREORFRFIZIR 65D Z LTz

T, WEICHE LRSS E, BlxIEH AT 1 hET LEE TE RV E 572
AT, FE1E, FET2ELLNIET L2 ZENTERVEVSEMERH 7. F
72, 1 FIORE TR O NIZHER OB LG Z LN TE oW, HEOREK TH D
Lﬁﬁﬁ%ﬁ&%é:iﬁﬁ%ﬁ@%ﬁ#é%%ﬂ%@,M%%:ﬁ%%%ﬁﬁ<@%éé
R VWRLETH 7.

Z ZTCAME T, EEETROEM OB TERGERATEHT 5 2 LT, HHOEITRER
EFEMT D LR ETRIAZNET D &0 B2 kAR BT RFERfHSL S vl
FHI DL WEITHRBIIAZE L 72 0 3 7V S RIS 2 Z L0 D, iﬁ?ﬂlﬁﬁwﬁﬁﬁ
HOREEOR LRI TE L. 2L, BEETTIERBETO X 5 ICEITREO GRS
—ELERLRVOT, HEETHEHEOT =X OFFICEL UXEERLETH L. ¥
BHEEL LT, FTRO4EARETOND.

(1) BEHCIVEGMEENEDY, HEEIINEDS.

Q) HEBICE Y ERIEE (BE) NEDY, mEEIA LD 5.

(B) HEHENFD LN TEY, BT ER X OEEESE) OESfE RS 7220,
@) BRI ETT — X HNHTHIVNER D D.

FHHBIZOWT, BUFICAMIE TR > Texf ISR &2k~ 5.

%Hm&wwﬁﬁgiwwﬁ&gx BB R AR S L C, EEEEW & ZEA
BEphE BB ERIL, Q-D)ROFLE 2EHEZp EVUNDOEIAIZ 5B 5 Z & T,
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R=(A+B-V)-W+E'-p-V? (2-8)

EEBLT, ETEPIEZHET I Lz, 72, Q)OEITHERAHERNZ L ORILF
Bl LTIE, HEmERORLES AT 206 ETHS OhdEk JOwEdEs) 2ditd 228
T, BITIREBIZH D EHEESNARS OT — 2 O EFIRTHZEE L. £72, DT
—HBNRRERD ZE~OXEE LTCE, BHIEHR (777 —F) ISV THEAN
Yo TINT =BT A NE ) TTH LT, BT ST — s ORI E X > 7. AT,
U O EATAL B RICIE DX, EITEI AL S D HER & 72 2 BB O ARCH SR, Skt
B, &%, FURAVFERRONE I NETOHEL, T DDEEDRWIXEOT —Z DI
T L LT

B 2212, 7B OTa—F v — b &od. [ ZUOIC, B RICHE L TV D EEER
DLk « RIFT AT Dinb, R 2-1 \RTHEEIERE AFT D, KNT, BEEOMERGRE
7% 22 IR TIBERN S, HEN TOEDZHEXENICH D0 E > a5, &Kk
2, B OBETHESZMAL, EITIREICSH 5 &l LA o ETIRIZ G ET 5.
ZOEINTTANZ ) T E R EHIH 2 ARG OE D 2 & T, RLBITHWE 14
3 A OEERGETT — 2K 3 TRk, BEO/NN—YFLarEa—4T5 53RN
HIZAEE S5 Z ERRIRE & IR o T

Using running data during commercial service

No
Inside measurementlocation?

Yes

No

Coasting condition?

Yes

Calculate train resistance No calculation

Fig. 2-2 Data analysis flow.
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Table 2-1 List of train monitoring data.

Time Running velocity (km/h)
Train Mass (kg) Notch / Brake
External air temperature .
(deg. C) Location

Table 2-2 List of infrastructure data.

Location Vertical gradient (%o)

Curvature radius (m) Open area / Tunnel

REXRTH L (WEAZE L) EIXEE L T4 >OKRE L I, 1, VI 2%
EL, ETESUHERXME Uz, KE D iZsEET Ao R, XE L, 10, VI i3S
W HETT 5 RERTHD. TONO—DDXM TIZONTOR, HEAEITHERZHH L
TeARRNE FIEDOMGED T2 8, EATIREUHIE OB & 0 CTER U7z, ETHEIUEH O
(Z1E, EEEEOET —ZIZX LT 3 BMOBEIEY 2 L T/ A X2RE LR, 3 B
R CHOEEZE R T 5 2 & CHETERIZEH Lz, 20X 912 L THE LI TEITREIR & Sl
TOETHEY, EEEEW, HR[RENLREDLEREEpZQ2-HAUTRAL, GRG2
(Generalized Reduced Gradient) FE#REA L 22— R & W CQR-8)X D HlifREkA, B, E' %K
Wiz,

2. 6 i « BREBEOESESURE & FHEOEEBMAE OB E T ik

BEIZIR T k91T, SREHEmMOETRIUTETHEDOREFEHOME LTHEX O, HE
D 2 AT D PR E T K OMR R ER o0 FE kT & R Ll O BRI O T & 72 o
TV 5D, AT, B ORI A TE T & BRI /0B 2 B DWW TRt L7z,
ZD XD RIEPU Sy ~ Doy FEE, 2.5 BiCHL L7z £ 9 et Tk A O T2 A TR O FEE R
DHTIIARARETH D, £ 2T, AWFFETIX, BN O BEERIHT 2 SZH O BT JHIE D>
SEMT L I7EE AWz, LT, FEOFEMICOWT, K23 ZHWCHT 5.

17



b ARNVEAREOHEM AR T 2 0 & R, ElAEmE (0~0) 285z xrLF
—RfFREB L OEH ERFXNEZ AN T, BEERICEL FoR TRl S5 [9].

b1~ Po _ 1-(1-R)* _ M? — (1= Ry)? P2 — Do (2-9)
q (I-MM+A-R)*} (A-M{M+(A-R)?} q

p2—Po _ [+F

= - (2-10)
q (Ar —A)q
Ps —Po _P1—Po U2 M2p, —p, M? U2
= 1+ — 1 1+— 2-11
p q+(+v){+2 q+4(+v) (2-11)
U MP1 Po
S =3 p (2-12)
U 1 M? p;—py P2 = Po U
== 1+ — — 1+—=)—-1 2-13
v 1—Rj 7 q (1+3) (2-13)
ZZT,
Al
Rt=A— (2-14)
t
M_v
T c (2-15)
_P >
Q—EV (2-16)

bV, AR 2-3 1T T DT . pldE ) (Pa), wlk B Il T b 27 A (m/s),

AT EE B EFEmY, AL N ROVWERE (M), vIZHEEHE ms), cdFEm/s), pliZEAE
Ekgm)Th D, Fio, fITEMBERIZ K DEEIWN), FIX b VBRI L2 EEHI(N)T
HY, wTRKDDZ ENTED.

p ! !L 2

f= 5 /1—(17+u2) (2-17)
p L'

F = A A= uz (2-18)

ZIT, MAF X PV E, T4 AR SIFEE 2R T. UL b RO IR EEEGR ()
FRLU, L' TP RANITEAL TV D EGE (Mm%, DIL b RV OZfiEL(m) % R~ 7.
NQR-10)DOWHOIZE T DJEp, i, BEl O IR OME LA ET 5 2 & CHEHBEET 5
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ZENTEXDHDT, M RNVNOTMREBEEREOEZ —KIZHNONS 02 &35 E[14], L
SO 10 HOREKEHBEIC L > T Z &N T, HlOWMKBEZEL Oz RS 5
Z EMNFRE & 72 B[15].

@ @ @
i N
AN DA NN
P3,1P3 p21p2 P1,1P1 Pol Po
! T \Ps)!  Sound |
C frainj v > | @PS | Speed 2 !
lu Iy I uy Iy
!3 2 ‘- 0
I \ \ Wave surface
i ' \\\\\\\\\\\\\\\

Wave surface

Pressure Pressure rise
due to train friction

\ 4

Fig. 2-3 Schematic view of the flow field when train is entering a tunnel.

2. 7 MR OEZERFE R LOBLE
2.7.1 RIERR DY MHRRGE

XU OIT, 2.5 HiCTRE L7 E 6l 205 M U7 ETTHETOMIE T IE (LT, B 2R E)
([ZOWT, XFGREMNE F A PR 2 AN S L7 ETHETIE O ARE (LIF, B
) OF—& L, ZORYMEERGE LTz, BT 6 MR Z 2 SR ORE L7z 12
M 2 T U, E e R ORE S RIXH TH D X 1 2 BANIEI TR TET S .
Fz, KM TIZADBROETIHE 2 BPSNICZ 2, 5 HETER 14 BIOWELEIT>7-. FHAH
REROFE R & T 272, BEBRMPEDT —Z b 12 MmO 7 — & 24 L THEA L7z,
X 2-4(a)l & EHEME, (b)ICHHRERIC L 2 ETERIOERRFRZRT. MPIZOLET
RIRERIL, 27 E Y EH SHIETIRPRE R OB EZ 70 v FLCETH 5. LI,
ARFEDOME TIIAENIEITEED 2 L LG & 722 5 diili O g g 2 VD THERITE L,
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FEROHPTIL 6 Wi AR 0O Bl O fe @ LIS 81 2 B TP &2 W TR ek L7l & L=
HRETHEEOT — & 23 UEHERR )i, FHARBROAERROD) L TEbo&
DINSWZ &S, FHEBRIZB T HMERENRKRE T OWERK E LTE,
TIVEBERD D2 LTz, RHAlER~D ) A AOFEBRENEZ NS, K 2-5 12, &
ITHERE R 2 L 0.05 A A CHHA L, R LOBEERALZ R LEERE TS, 20K
Mo G, EEEWHEIEDOT —Z @)L, FHRBROBERRO) LD BIXEOE /NI N &7
bing.

FENT, WEBROGBEMECOWTIHMET 2720, TREN OB CHIE SN E

DEIZHFALTNDDONTOWTHART, JEIZK AL DFR7EE, HEHREO 23 FER
127 v LRZE L FHEEE B OREARRICHORT 2 HEHICIER O 2 L O TERWREAZEIC
SFIND. BIEOT X LR, BEEZMEY RS Z L CERSMIENTT 2 L8mb
NTEY, 20X RRECKHLUL, K 2-5 1R U EHE L EEREEZHNCT—2 0
BHEZERTLILNTES. K 23@ICEEREMAIED, (bIZHHRBRICIIT 5 ETIR
PUERE RO oS R4 7~9. Kunnan I%, 7EF (Skewness) B L OVUE (Kurtosis) 723
2 FBATWRNWI &%, T—FOGAANERDA N L ZIUE ESNL TR0 Il 5
HZ L LTCWA[16]. MERTTHEHEEN 0.65 BLW 0.8 OFEREZ RS L, (b)OHEHRBRD R
JED 2 ZBZTWDHN, TOMOEELTIE, RE, EELLICE2 UNTHY, EREN
b5 Ll Lz, HHRBROMER KbLYD DL, IERMEND D & At 2 s B8N E I
(0.85~0.95) IZHB\W\T, EHHEEMHNE®@R) L HEHABRO)OR RO 21T o7, £ 2-4 ITHH
JERARIC T B, S EITIGL, BL )& (b)DAERZ RS, B R OE (0.85~0.95)
TIE, WHEDOEL 3% AT T—HLTWDZ Enbnd. £, AEAKE 5% CTHREBIED ¢
MEZAT > o fb R, ELOME T, £ 25 1RT LIS, p EN0.05 2B THEY, £
NENOBHER TOFHETIIOWERE RICABEETIA LNV E O 2572, ko
FER LD, AR CTHCERA U (8 215 L7 BT OME FIERZ L TH H 2
LR L.

20



1.1

0.6 0.7 0.8 0.9

21

0.5
Square of running velocity (-)

04

3

0.
(b) Special test for running resistance measurement

0.2

1

0.
Fig. 2-4 Running resistance measurement results (Location I, 12 cars trainset).
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Fig. 2-5 Analysis of running resistance measurements (Location I, 12 cars trainset).
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Table 2-3 Statistical analysis of train resistance measurements (Location I, 12 cars trainset).

(a) Commercial train test

Velocity (-) 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
Number of data 8 12 10 37 46 91 228 1026
Running Average 0.78 0.84 0.99 1.13 1.29 1.45 1.58 1.75
Resistance | Standard
0 deviation 0.06 0.08 0.04 0.14 0.09 0.12 0.12 0.13
Skewness 0.68 0.87 | -0.52 | -0.06 | -1.06 | -0.44 | -0.02 | -0.28
Kurtosis 1.03 040 | -0.02 | -0.86 1.78 0.91 -0.08 | 0.71
(b) Special test for running resistance measurement
Velocity (-) 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
Number of data 14 31 24 44 20 48 12 45
Running Average 0.75 0.92 0.98 1.17 1.26 1.46 1.62 1.80
Resistance | Standard
2 deviation 0.05 0.28 0.07 0.38 0.15 0.31 0.20 0.21
Skewness 0.63 1.81 0.37 0.85 -0.24 | 0.09 0.78 -0.26
Kurtosis 0.94 3.02 -0.14 | -0.24 | 2.50 | -0.87 1.17 | -1.07

Table 2-4 Comparison of running resistance measurement (Location I, 12 cars trainset).

Velocity Running resistance (-) Error
(-) Special test Commercial train test (%)
0.6 0.750 0.784 5

0.65 0.924 0.841 -9
0.7 0.977 0.988 1
0.75 1.169 1.126 -4
0.8 1.255 1.288 3
0.85 1.460 1.451 -1
0.9 1.618 1.579 -2
0.95 1.798 1.745 -3
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Fig. 2-6 Comparison of running resistance measurement (Location I, 12 cars trainset).

Table 2-5 ¢ -test results between (a) Commercial train test and (b) Special test for running resistance

(Location I, 12 cars trainsets).
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Table 2-6 Statistical analysis of train resistance measurements (All locations, 6 cars trainset).

Velocity Location I Location II Location 111 Location IV

) N* S* K* N* S* K* N* S* K* N* S* K*
0.05 2 - - 0 - - 93 -0.01 | -0.30 3 - -
0.1 67 1.32 0.42 0 - - 10 1.47 1.23 21 1.20 2.20
0.15 21 1.58 1.19 0 - - 10 1.52 0.80 3 - -
0.2 8 -0.94 1.24 7 0.56 -0.65 14 0.22 -1.45 21 0.03 -0.10
0.25 2 - - 35 0.36 -0.04 93 1.58 1.61 26 -0.50 -0.39
0.3 2 - - 0 - - 36 1.00 0.34 23 -0.27 | -0.80
0.35 15 0.23 -0.66 34 0.66 0.19 126 1.28 1.73 54 -0.21 0.07
0.4 16 0.76 -0.80 64 -0.12 | -0.39 81 0.85 0.24 498 0.60 4.64
0.45 35 1.38 3.28 53 -0.53 | -0.01 62 0.71 0.58 578 0.43 0.09
0.5 52 -0.37 1.29 58 0.35 -0.52 159 0.76 0.08 - - -
0.55 158 0.00 0.60 117 0.16 -0.33 215 0.56 0.31 - - -
0.6 8 -1.18 1.72 58 -0.43 -0.27 291 -0.21 -0.99 - - -
0.65 - - - 2 - - 102 0.19 -0.32 - - -
0.7 - - - - - - - - - - - -
0.75 10 -0.24 0.35 - - - - - - - - -
0.8 54 -0.35 | -0.11 - - - - - - - - -
0.85 103 0.20 0.17 - - - - - - - - -
0.9 313 0.23 0.13 - - - - - - - - -
0.95 1569 -0.03 0.54 - - - - - - - - -

1 793 0.09 0.34 - - - - - - - - -

* N : Number of data,

S : Skewness, K : Kurtosis
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Fig. 2-12 Mechanical resistance coefficient (Field test results).
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Fig. 2-15 External pressure measurement (Field test at tunnel).
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Fig. 2-16 External pressure measurement of leading car (Field test at tunnel).
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Fig. 3-1 Calculation model (End car, Bogie is not displayed).
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_ 1 T+t 1 T+t
1% :—f vde, ﬁ:—f pdt (3-1)
t t

V=V+V, p=p+p (3-2)

o, _ 0w, 10p 0w, ou'u

—+t—=——+ (3-3)
P 0x; p 0x; v 0x} 0x;

o, =0 3-4
axi - ( - )
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(a) Detailed underfloor model (Detailed model)

(b) Simplified underfloor model (Flat model)

Fig. 3-2 Train model.
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Fig. 3-3 Computational domain.

Nose region Common cross sectional area

Fig. 3-4 Region segmentation of end car.
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(a) Whole domain

(b) Leading car area

(c) Middle car area

Fig. 3-5 Computational mesh (Detailed model).
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Aerodynamic resistance
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Fig. 3-6 Comparison of aerodynamic resistance: blue is the numerical results for detailed model,

green is the field test data obtained by the method proposed in Chapter 2.
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Table 3-1 Comparison matrix of aerodynamic resistance coefficient.

Coefficient Error (%)
Cap for leading and trailing car (-) 3
A" for middle cars (-) 21
A" for middle cars (-) 7

#<With pantographs correction

Total aerodynamic resistance (-) 6

#¢With pantographs correction

Ci=lﬁ/(%pAW2> (3-5)

Z 2T, WARERBURECHE, OISR T D IAEIEPIDIN) 2, Hl O EITHEEv(m/s), H
] DETIAIFEA (m?), 225 Ep(kg/m’) CHEER UL LT TH 5. AN AR LT 5 6 Mifmak
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TE L7z RANS T Cdo o C b FEH B0 72 TR THIFTRE T 5 2 L AR S,

3.3.2 HEETEDEBILIC & 2 HEEFIEERI R

WICHFEGTE K E <54 OERICHOWTHRE 21T 5. X 3-7, 3-8 [ZHMl Wi T
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B offEdhiE, 2 2 = CHIE Lo 2RI YO L TR AR LTV D, IRTHESREZE S B
NP WG EET N EINR—DBD 7Ty NET A ZHIEET 5 &, Sl LU RS
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(a) Detailed model

(b) Flat model

Fig. 3-7 Color maps of streamwise velocity at spanwise center plane.

-1.5 Cp 1.5

(a) Detailed model

(b) Flat model

Fig. 3-8 Color maps of static pressure at spanwise center plane.
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B Detailed model
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Fig. 3-9 Comparison of aecrodynamic resistance: red is the detailed model and green is flat model.
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(a) Nose (b) Leading bogie

(c) Underfloor Equipment

Fig. 3-10 Parts definition for end cars (Leading and trailing cars).
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il

(a) Inter-car gap (b) Bogie
(c¢) Underfloor Equipment (d) Side

(e) Roof

Fig. 3-11 Parts definition for middle car regions.
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B Flat model

B Detailed model
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Fig. 3-12 Aerodynamic resistance of all parts.

=

= 5 8

mr o on

25 o % m

ma.mcdecm%

amonwmoo

@ B E E B B BH
L e e L . |
L O e e L I B |
L e e e e L e B |
L e e e e I e |
L e e L B |
L O e e e e I B |
L e e e e e e B |
L e e e L e e |
L e e e L .
L e e e L e B |

1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

| | | | | | | | |

1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

I I ' I I I I I I

T T T T T T T T T T
— N 0>~ O NN T n N — O

S O O O O O o o O

JJUB)SISAI I EBUAPOIIY

Jopou je1

[opowt
parrerRd

Fig. 3-13 Aerodynamic resistance of each component.
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Table 3-2 Comparison matrix of aerodynamic resistance for detailed model and flat model.

Detailed
Parts Flat model Difference (%)
model
Nose region 0.194 0.196 1
Roof 0.234 0.243 4
Side 0.090 0.088 -2
Underfloor 0.048 0.036 27
Middle Car
Bogie 0.139 0.131 -6
Inter-car 0.119 0.104 -13
Pantograph 0.116 0.116 0
Total 0.940 0914 -3
Middle cars total 0.630 0.601 -4
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(a) Detailed model

(b) Flat model

Fig. 3-14 Color maps of static pressure at train surface (Leading car).
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(a) Detailed model

(b) Flat model

Fig. 3-15 Color maps of static pressure at train surface (Car No. 3).
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(a) Detailed model

(b) Flat model

Fig. 3-16 Color maps of static pressure at train surface (Car No. 5).
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Aerodynamic resistance

Aerodynamic resistance

0.03
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B Detailed model H Flat model

Down- Up-
stream | stream | stream | stream | stream | stream | stream | stream | stream | stream
Leading| Car No.2 Car No.3 Car No.4 Car No.5 Trailing
car car

Fig. 3-17 Aerodynamic resistances of each bogie.
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Fig. 3-18 Aerodynamic resistances of each underfloor region.
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Detailed model

Normalized flow velocity
2 — T — R ] e
S N A &N X = N &

-0.2

Streamwise direction (Car no.)

(a)1/4h distance from the train underfloor

p—
kS

Detailed model

pu—
[}

Normalized flow velocity

o o o <o
S N A &N 0 =

-0.2

Streamwise direction (Car no.)

(b)1/2h distance from the train underfloor

Fig. 3-19 Flow velocity distribution along streamwise direction at spanwise center plane.
(h is distance between ground and bottom surface of train body

Streamwise direction ‘1’ is leading car and ‘6’ is trailing car.)
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Fig. 3-20 Contribution ratio of aerodynamic resistance.
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(a) Leading car (Car No.1)

(b) Car No.2

(c) Car No.3

Fig. 3-21-1 Color maps of flow velocity at spanwise center plane.
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(d) Car No.4

(e) Car No.5

(f) Trailing Car (Car No.6)

Fig. 3-21-2 Color maps of flow velocity at spanwise center plane.
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-1.5 ¢ 1.5

(a) Leading car

(b) Car No.2

(c) Car No.3

Fig. 3-22-1 Color maps of static pressure at spanwise center plane.



1.5 ¢ 1.5

(d) Car No.4

(e) Car No.5

(f) Trailing Car (Car No.6)

Fig. 3-22-2 Color maps of static pressure at spanwise center plane.
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Fig. 3-23 Aerodynamic resistance coefficient of roof and side.
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Normalized flow velocity

Normalized flow velocity
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Fig. 3-24 Flow velocity distribution along streamwise direction.
(h is distance between ground and bottom surface of train body.

Streamwise direction ‘1’ is leading car and ‘6’ is trailing car.)
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Fig. 3-25 Color maps of streamwise flow velocity (Car No. 1 and 2).
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Fig. 3-26 Color maps of streamwise flow velocity (Car No. 3 and 4).
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Fig. 3-27 Color maps of streamwise flow velocity (Car No. 5 and 6).

70
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(a) Car No.1to 3

(b) Car No.4t0 6

Fig. 3-28 Color map of wall shear stress. (Normalized by freestream dynamic pressure).
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Fig. 3-29 Wall shear stress distributions.

(Normalized by freestream dynamic pressure.
Streamwise direction ‘1’ is leading car and ‘6’ is trailing car.)
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Table 3-3 Simulation case

No. Name Inter-car gap Fairing for
roof equip.
1 Detailed model Open None
2 With fairing Open Added
3 With inter-car hood Covered by hood None
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Detailed model Detailed model with fairing

(a) Oblique view

Detailed model

Detailed model with fairing

(b) Side view

Fig. 3-30 Roof fairing shape.



Detailed model Detailed model with inter-car hood

(a) Oblique view

Detailed model Detailed model with inter-car hood

(b) Side view

Fig. 3-31 Inter-car hood shape.
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Aerodynamic resistance
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Fig. 3-32 Comparison of aerodynamic resistance.
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Aerodynamic resistance
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Fig. 3-33 Comparison of aerodynamic resistance of each car.
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Fig. 3-34 Flow velocity distribution along streamwise direction.

(h is distance between ground and bottom surface of train body.

Streamwise direction ‘1’ is leading car and ‘6’ is trailing car.)
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(a) Detailed model

(b) Detailed model with fairing

(¢) Detailed model with inter-car hood

Fig. 3-35 Color maps of flow velocity at spanwise center plane (Car No.4).
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1.5 ¢ 1.5

(a) Detailed model

(b) Detailed model with fairing

(c) Detailed model with inter-car hood

Fig. 3-36 Color map of static pressure at spanwise center plane (Car No.4).
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AARD X Szl & R E o 7 Bz 5o 5E TR, SR Frrrofb %<k
D, EZTIEWANY K EIES TR B N & 70 D, Flx1E, FIHEEEREO VWD) 5 FIH
B, A—A EOREZEE S A= LRMOFNCREEZE LI LY Lozl
AR EE TR S D[] B, @B TETT D2HEmME LN bRV NETIGE S 56
] Ll VIR E R ENEB AL, ZOREIC L » THEEIIRE Eh AR 3. £,

BHNH F RV RAT D &, BESEEE R b 2 RV N D2 2 M U Tk 4 & 7
ofrmﬁm%&éhé—ﬁf BRI ORARHIIERE N E T D, ZnbDENEIT H
VANNEEETRIEL, KA ERIHTEZERED IR L CHIHEICRE RIENEEZEL TS, S
b, VAN BE ESNDENWIL, ROV 2RO E T E) & 7e > TERIASRE
T2, FURNMHABL TRERBELRAEIELZY, FAUFBROBELF LR S
20 E VS BREMBEASSEZTEANDD. OV ARITRETER & IEZh, $EIC
B LmE LT 5B RDO—>L 2> TS,

N RVBERER 2 R S 57200 R E LT, bRV ZEARRZAE U 5 R 255
HHIEEBRLT, SREHEGEOLERKEZE LY MRV AD DEBICHER T4 3% &
k@#éﬁ%ﬁﬁ%hfwémp]_h%®ﬁ%iwwfﬁ®Mﬁ WCETH D Z & NI
SNTWDA, i 7 Je BN IR TR 2 %G 57203 &m v L oIk E AT
X DR EnD, T A RO 5 FEERBRICTR 2 TE T VRERE 72 1T BUE AT 2 H 0
BAFE DD LT E T2[4]-[6]. P FAKUER OE 7 /VRRBRIT, 185 2 YR ICHlh PR B
ﬂ%%/%wmﬁ%ﬂnkkf%Méﬂé.ﬁ@3&m%%@$ﬁﬁﬂ%ﬁwk%ﬂﬁﬁ%
LEMIND K DIZRoTED, ZTOEITRIED V. —TF, BHEfETics T, #HHE
Bn— R =7 OFFEITE, FEEITITW 3 RITTBR TORT A TN D K 51272 >T&ET
WDHDOD, FENTIEEORGEIL 222 STV D ST WEEWORBLRTH 5.

L D N 2 AR VIBIRRFIZ AT HEJEIE N RN E SR TRET 5720, T O
FHCIZIEE W AR IR 2 R e L E 2 — REHVWDILERH D, L LR s, FEE
DZEL DR BREIC AN TIE I OFRA L ERREEZFHE L LS L35 L, BHEITKHLT
1/1000 A —Z —OIEFITHMR A v ¥ 2 286X 63, FHRAMOE L WHINZHE <X
D0 Tl TICET bR E /0D, ZoZ ik, Bonizl Y — A0 H THEEHHZ
EATOBIGIC L o TEBmTH Y, 3rEH L+ o723t BRE AR L oo 2 X &
AT — IV DRESLN RO BTV D
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ZIZTARETIE, ZOMrFUBKERICE LT, FERMEIRILZ RE U 7o iR PR
fRNT 2D LT, TORELIEKT X N THOEREIC TR AR FEDORRE ALK
ofc. FF, 3 WL O HEEEAN R 2 RN LTEBED b RV &Rl TN O
GO ERZ D ERRNE LT EEIToTe. 208 &, ETHBEAROLE) T —H
ZIERPERHRIC L VR, S DICHEGRMNT 2 AW ClIEOERIC X 28 LR 2 NET 5
ZEThURBKREE O TR L 32 HIEEHEE L, ZOFERMEAERGE L. £ OMEET,
OfF CIHHE L 72 HAGBGRBROFE R L BT 2 Z & TiTo72. I 51T, BE LOZRIZONT
&R AT o 72 [7]1~[9].

4.2 fg RIETGTIA 7 3R

FEBRIX, P5[H DeltaRail £EOFRERF(H (Transient Railway Aerodynamics Investigation Rig, LA
T TRAIR EW§9) ZMiH L TIT>7-. TRAIR I, miEETHIEAHD XE RO K> 3L
X[ & EFTREOZEIHIGERE (N T v 7 A ROETR, JENEBE) 28T 5720 0R
BRExfECd 0, K 1/25 MER OHEmET % 315 km/h TEITSED 2 ENARETH D, RBRR
o2 (L—VE) X150 m»H Y, HlERIONEXH 50 m, HIEXE 50 m, HEHXH
50m THER SN TW5 . HEEAIEE) Y A F TI~1IKN OENEZ N bhi- 2o —7
THEESN=%, EEEEZBRBOCHETZ LT —V E2ETT 5. BERR (B LW
HE) OETHEISUT, BT a—7 0B ITRERREE > TND.

RRETRIG & 2 SRE I O ST, WrimfE2 (b 3 BRI DB 2 5 IZiE > TZ
DR A E LT2[6]. 3 BEEEsHmAR &%, HlOWm i K& < 72 51824 CTHE O Wi
A E/NELT5H5Z LT, MREEFEDOKEAZ BEHLBRERT. ERICER LcH
ML DB A [ 4-1 12, K 4-2 ([ZHEESEETIROMmfEZ bz m 3. B oML, X
JVHLT] & B 2 VT RE O FL 3 EURERER & B TIRIEA — & 72 D K 912, TRAIR IZBERR D F
VAVWTRIRE (73135 mm?) & FEH R RV OEIRRE (63.4 m?) O, EHEO 1/30 (5
BE~HETHEER 16.5m+ — & 25m: &K 41.5m) IR E L. Z OHEER %2 L — L ZH#
, 4-3 TR T h UV LORRM LICEA S, Ieds, b RVREE LoWrmfgi b
YRVAGIO 1LAFETH V9], FMI 3 EETICZERIKE D7D OB IMAHRIT b T D,

HUAS b o R ZEA LB RAET B IEMERIE, b RV NICERE LI v s &
DFML7z. BEEEOME AR 44 107, 1 ETREY R R EEER O S
1T R R LPNICRAET BIEA O (EHAED) (BT 2725, b2 RVNOIEH5
Bl ko> CMEER O S 23-Ii 5 = & & Uiz, 72d, BLENEET 5 OER F o kv
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ThHHDT, FEBEIZIE N VLB LIEALEICHEm N ZZAT 5 Z L2508, TR
HEOFIF b VP HERER R RAT HRICHE L TBSRERDH L. 2L, K
EBR O HENIRIEE OB THLDT, Z0O b FNVEAMLBEOZERNEEIC /S Z &1
RNEEBEZLND.

Fig.4-1 Photograph of 1/30 scaled train model.
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Fig.4-2 Cross-sectional variations of the nose of train model.
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Fig. 4-3 Schematic of tunnel portal and portal hood.

Pressure sensor
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ll % from the entrance)
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Fig.4-4 Schematic of experimental setup.

k> R A~D HE R O HIALEE L, 270 km/h~310 km/h IZERE L. KRN D
EE, FEAERE S Y (ENDEVCO 8510B-2) ZHWT, o7V 7 L— | 34 kHz

TEHIL 7.

AT 4 27T, FETERETAY O 40m, BEASHETI133m D kR

JVRIANLE(CHDIENNT, FEFHF T 60mm, HBEA 15T 2 mm OHLE D b > Ve A BER(L2,
R2)D 2 ik LOKRIH(C2)TH 5.

(1) Ci:
2) L2:
3) R2:
4 C2:

Fo VR (R RV AD OH 5 1.33m)
hr VM (R RV A O 5 2.00m, B2 RV DS 0.10m)
ooV AEflE (R 2V AD OGS 2.00m, b2 RVRRE D 0.10m)
F VR (R RV AD 0525 2.00m)

ek, FHULTCEINC A XD R ENTI2, Rk 2 BB R O LB RIER 3x107 s
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BEVELZE LT/ A R ERELIZOBICENARZFE T Lz, BEPEICHWD 7 — 4 1
L, EHEA 7 — /L ORIERCHNT T 110" s OBENEE N EDON D Z & 2HE 2 TRE L.
Fo, HEEHEEOFENZIE, 7YX VL —H ' — (Keyence LV21A) % H\\ 7=, EBRIX
VR L3N D555 L 72 WIGAE O 2 B IZOWTITY, MFELHKTHZEThox
IR OB OW T HIAE LT,

4. 3 Mg RIBERIGHAZRBRIC X HREET — & OB

R LoD ERLD 2 DD —RAZOWTEREZIT -T2, I ORFZIEZ T3/ 4T
%, EITEHE 2R ERR O R EIEE TH D 310 km/h OFEOFEEREZH W=, LLF, £hh
D —AZDONWT, FEBRFER EBRE LIRS,

4.3.1 BELBBWEES

B 4-5, 4-6 1%, MR AD DICKEME LA T RWGEED, M XA AORIER CL (Frx
AN 133 m) BEOL2, R2, C2 (R AONDS 2m) 285, HEOREZERE
EZDOEEOWERETHD. NNV AD OLLOHEMIZE 2B NEH DB OD, Hif
DOIEIEIZ & 7 D FHEOEAL O TITEWVIZ A GRS, WEMEDE U ChIUIRIEH Mk
HLEEXSE LW, 2T, &b PRV AD OICIEW CLICER LT, EEOME & EFFEDOLE
BOBREFEL DI LICT 5. HEEOELDN b RVIZEA LTBRICAE Ul BRI
BIHT 2V NE DD, JIER CLIZKZ(a) (1=0.032s) ITRIET 5. KEA(b) (1= 0.039
s) 1%, HEEOWEMNZET D /) — REOKIGE OEEDN b 2 VHNORE R CLIZHRET
HRAITH D, Fo, FiZlc) (¢=0.044 s) [XHHEIIESEEDS b o R VN O EHEIE R Cl %l
W DA THY, ZICKDENETPBELRLTLH D, FiZl(a)~b)DREEIE, Hif
)= A TOREN LA THY, HlOWRENRKE < RDIEETENNEMIC EAT 2 24
BiCRLTap, DREL 7252 LIZHYET D) . BEL(b)~C)IFXHEFOWrmfEZ bidi = > T
BOT, KX DENER QAFHTRLUIZp, NKREL 325 2 EITY) OLMHTE ST
WA Z ERDbS. ks, JIES L2, R2, C2ITi%, 0.002s (=0.67m/340 m/s) IV THT)
ZALAME DY, HEEE (I X 2 ERE T IZMIE R CL LY 0.008s (=0.67m/310 km/h) Ei
THIEIND. K 4-6 OFFEOARORERZ R TH, HEMEBEIZLOEEITIZEA LR LN
RN, ZHVE TOMFFRIC L D E[10], BREUEDRE D8R S X HL 2342 % U 72 JEREIR 3% i )£ /) AR
DEKRMEIZEHIT 2 Z L AEHE STV DD, RRERHRICIBT 5 RKE AR IEREZ](a)~
GDOMIZH Y, ZHUTEFABIRD /) —XETHRELTWDL Z EBbhb. £DE X DHRKE
JVAEMEIL b R VNORER C1 (F RV AANS 1.33m) 1ITBVT 312kPas Th o7z,
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Fig. 4-5 Time history of static pressure inside the tunnel

(Without portal hood).
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Fig. 4-6 Time history of static pressure gradient inside the tunnel

(Without portal hood).
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4.3.2 BEINDHEHE

R RNVARE L2 E LG a 2 i 5. N R AVNORERCL(R RV AADD 1.33
m) , L2, R2, C2 (ho RV AHDD 2.0m) (ZE TOFEDRFZEDORER 2 X 4-7 12, &
JEOR AR OREG &K 4-8 1T, ZZTiE, LT WX SIS, fEEToA 8
OB P HEM LSS b R VNOBE R Cl 2l L7=RiZl %2 (c) (1=0.0445s) & L7z, ZD
7=, bRV HNORIESR CLIZ, BEE OGN N RVARGUIZAN LTZBRICE U E ) B
DFEREZ(2), B OWIEFESZALT D /7 — XERO K O B I E R EET 5 REZI(b)
%, BETELOLA LR E2>T0D. 2L, 2O —ATIE RV AY OO
FRNIIAEE LHRE SN TWDHOT, BHlSCHAFEE TIZZA LZBRIZAE U ES B2
BT R RVNASEBIEL, HES 2 RUICET 595 L0 B RWVERZI) (£ =0.025s)
[CHIE R CLICET D720, BE LB RWEEG LY bFENR R EA LIBHTND Z L3 bh
5. F72, C1 £V H0.67m Fiitd L2, R2, C2iZ1E, 0.002s (=0.67m/340 m/s) I T/E
NEAR D DT, FBE LA Z2WGEFRER, #Hm@Emic L5ENRETIECL XY 0.008 s (=
0.67 m /310 km/h) FENTHAETS.

N> VR TOBI D EIT RIS LavR o, [EMERICIEFERN N D Z E NP S
NIy, M4-TIORT PRV AAND 2.0m BENTZALEORIER R E ADRY, FrrLR
FEE C2, S R2 B LN L2 ORNICAEZRZRITR LN, X 4-8 OFFE DR ZE( L OR5 R
ICHWHEMBIZ L DEEIRZLEALERN L6, EMEOREIIHEOEZICHLEDL LT
IFIE 2 RICH CHME OETHANCR L TERE L 2> T0D Z ERbho Tz, LLEOFERNG,
A% OFIICIE b RV AAND 133 m OALEICH D Cl DJEREZHNDEZ &L LT

VT, b IR TOAENURIERIC G 2 DB E T2, R VNORE S C1
(F XV ARNG 1.33 m OALE) TOFRFEDOREZIEORIERF 22 4-9 12, §#E DK AR
OBEERZ X 4-10 17T, 7233, KL, HEO7ZOFEE LR WA OKE LA HET
ALTHD. ElH b RMZEANLTCEOTED FAEIE 2.4 #i TR L@ v p, &p,OF0
ThHY, HELOAEIIELST 2.2 kPa THDH. —FF, [ENORRIZ\LE RS &, FIHEN TR
B LIRA LT & TAERSNIZEMER VSR N RVNEZBET D720, LA
WEE XV BEN EATLOICEST HREAE A, fRE LTENARN/ NS RoTND.
EE LA S DG EIITENAELOE— 7 2 2 SR AEL TBY, RHOKFZ (¢=0.03s) (Z
BT D=7 13500 — XM b VR E TICEA L ZBOEMRKRICE b0 ThY, —
SHOKZ (£=0.036 s) (ZFBTDE— 2 [T5eh/ — KR b RVKRGUIZEA LTZBEROE
MEIC L Db DO THD. &E L OLGAEOEITARO R KMEIL 210 kPals & 720, #E L
L OFKAE 312 kPa &R L, 33% SN TWD Z Enbnd.
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Fig. 4-7 Time history of static pressure inside the tunnel

(With portal hood).
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4. 4 FERGMEFUAMENT & ERRARIT I K DRKUER O 47 BER ik

4.4.1 BAEMENTFE

S

L

R RRAUTREZ BB L WIRE R EfE A 7 — L d@lmo, zhicmxis
—XThH 5.
d(py)  d(pww;))  0dp
o oy | ox “-1)
dp  0d(pw;)
il (4-2)
de; , 0((er +p)uy) _
9t am ()

T,
(4-4)

u=(u;, up, us)
u
e = plei +=) (4-5)

e THNARFEY 72D O R LXF—(NEH =

e LN E Y72 OWNEE= R L ¥ —,
FENTHD. (4-3) D (e + Py

ThHh,
FINF—HEEB TR LX) Th b, 77, p ITEXREE, p
X, UTFTOXSICEETES.
2 2
(ec + P)u; = {Pei + Pu? + P} U = pu; <€i + u7 + %) (4-6)

u?
=pu;| h +7 = pu;H;

ZIZTC, HiIZ= ¥ VE—T, Ho=h+ u?/2, THD. h=e +p/p [THMEEL Y D
TUANE—THD. ZhbDHENZ, LU DT FE LRI A > 2 2 2 VTR

Yl

L %iwaRe

fEHTIZIE, TVD (Total Variation Diminishing) V£IZ X 2 IEEER TR OIERME 3 koo AT
fifptr 7w 7 Z 2w Tz [6]~[9]. CZALT DRI T, ARG
ISR U CIR B 2 BUEAREN A © FEJAREN ANV E U D, TVD T, B OESTI7 M A
B OMBERRBIR N R T D K O IR AWML 7o), MOWE 72 < IEMRFEEZRD 5 Z

EERIE O L 5 (TR SIS
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EINTE 5. TVD ¥EIE, Godunov[11Z & - ThaE - 7= Rtk 2 & L, Roe |2 & 5 Rieman
FROFVI12]12 L L THRELIZAFT—LTH Y, EMMEREHENT TR A b Tn g
FIETHD. KOTED L5 RHEIST O ERICKT L TOADRFIEE STWD. AT
70T KT, BARRATRERHAIC Roe WU K 2RO BHE[13] 2 A0AZ, BRI
D EALIE 3 YRS MUSCL (Monotone Upstream-centered Schemes for Conversation Laws) [14]
Z VY, TVD 2472372 0 OFIFREI%IZ 13 van-Albada[12]% VM 7Z.

WA >~ ¥ =

AWFFED HENE, WS b R RAT DERICRAET D EMK AR 2 L 12H D73,
2D &S mETRENT 2RI U CEIEMRIT 24T 5 56, HlL & HICBEIT 2 R
RN 2 £ 2 LT AES /D, LL, bR NEB X OZEOEEOZERIT
FIEIZR| E T ONTEET 5720 THY, BEEER THET HOIZIIARAME THL. 22
T, AT CIIRB BN R & IR R & S T L, WSRO R CRER L 0O A2 #
LR OEET D FIELZ R 7. &7 L BEE 70O 2 DO REOT —Z O 0 Y
IZiE, BroERAYE (F—"—kty M) EEHWC, ZOFETIE, TV IINERKTZ
i o THAE DK TR OERPHFO EOERENITH 20 E R AT v THICHRE L, T Ok
RICH EDOWTHHRENRB I ND T2, FHHRANEMZ OO £l 45 Z L TR TH
5.

LAFIZHNT A v v 2 oW Tt 5. X 4-11, 4-12 IZFHREIR RO A v~ > = L
WET NVERT. BT A v > 2l 3BER, BIERIZHT TER L. BEIRICITHEENE E
A, FESRITIE b RV ORTRICRE SN DEE L LU b o RN DZELSTN G E1D.
B JERITHIA LSRR L R UK TH Y, FED 1/30 DR L 72> T\ D, fRTICHW 52
FEIL, BEIRT400 TEFE, FFIERTI00 TEZETHDH. FHRICE LKL, PC 27 T X
A THI2ZHATHY, MEEZEDIMITICK L0 —LITOHEAWNTHS.
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(a) Train spanwise center plane

PN\ ANV TR A X PRI Y SR NP PR N PR g Y0 G B R W 3 Y R I R R g

(b) Train spanwise center plane (Leading car region)

(c) Train center plane in running direction

Fig. 4-12 Computational mesh.
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4.4.2 $HZ X BES R OBGEN

3 WOTIRHT CITRMEIC LD B BER 2 EMWE UCEN 2R L7272, MR X 5E) |
F0y 2 BRRAICRHm T 2 ROV TRET Lz, 8 1 ETHLBA L L9 1c, MERIEROM
SR H S A U 7 FEAE IR DI T ) AR D e RABLC BB 2 2 & A3l ST D [10], &
RIEDABIZFEHER O ) — ZEREE T OBRIELD 2 ERbhro TS, ZOLEDME
D EFIFIRICHIBOEMEEIC L 2O TH D03, FRHTHMEOREIZ X 5E ) 54 (% 2-2
OYEFHEBME S Ep,) bEENLTWD. T, HIEORBOEELRD &, MKENK
DEKRE AR 8/ N5 Z L1l b.

2T, 2.4 HiCRiE Lc BRI EE O, KIS K DT BER S, 2 (2-9)~(2-18) A H
WTHE L, 3WROCMITRERICINE 32 2 & 2 A 7. Bl O VIR BB A 135 2,3 B Cib
NI X ICEEMITIC LV EHT 2 2 ENTE L3, AENIHEREF T OFEMRNS AT T
EMoTelcd, 1 BECRM LI EREmOHER RN DA% 0.02, bR/ NOJRE
BB & 02 SEL, Tl b oL OO FR (Brimfie &) 2fAAT52 LT,
MM L DR LR p, 2 AR o 7. 2 OREE, ABIAEE L7z 1/30 #H RAERS 310 km/h C
R AT D5, FMEIC K DET) ER5p, 13265 Pa & RFES biviz. ZOHET E
FP XA b FVARGUTZEAN LT ER D ORELIADH LD EEZ LN DT, Hil
PDNTE A2 T D A & C—RRIC ERT 2 L OE U CIRRE BB R R A RIS L, R
CEDEN LR ORBEMET S Z & & L.

4.5 FEREFRAESENTRS X OERBITIC L D2 PRI R EBER

BAEGAIRATIC I D HL, b 2 L R ORE LOTZRIE 1/30 #ig RAETREASR Tl 1 L 727
WERl—& Ui, E o, BABTRIRARNTIZ 31T 2 A1 T3 B I 3R SR oD B il Cdb 5 310 kmv/h
L, BMELAVELD 2 r—RZOWTHIEF R Z1To72. T, TRENDT—AICD
WTC, fRFTHRE R & BE AR D.

4.5.1 BELELDOBREORENTHER

B4 4-13 ([CHMIB LN o RABERICH T D102 T, X 4-13 (a)l L O Sl 23
KR AZZEN LT BRI BT B 1554 %, (D)X H M O Wi A 2 b % 7 — KR O # i
A N RVACEAN LTI IS D IE 1A & v d. BLiiAS b o RVICRA L T2 D(b) T
X, hURABERICE)ORmWEEABII SN S, Zhc kY, HES h U RIZEALR
ZEICE Y PURANEBICEME SRS TWD Z ERNbnd. K 4-14 [ZfffTic kb b
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(a) t=0.0285 s (Leading edge of train enters the tunnel)
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(b) t=0.0349 s (Nose end of train enters the tunnel)

Fig. 4-13 Pressure distribution on the tunnel wall when the train entering the tunnel

(Without tunnel portal hood).
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Fig. 4-14 Time history of static pressure inside the tunnel

(Without portal hood).
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Fig. 4-15 Time history of static pressure inside the tunnel

(Without portal hood).
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Fig. 4-16 Time history of static pressure inside the tunnel

(Without portal hood).
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Fig. 4-17 Time history of static pressure gradient inside the tunnel

(Without portal hood).
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(a) t=0.0188 s (Leading edge of train enters the tunnel portal hood)
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(b) t=10.0285 s (Leading edge of train enters the tunnel)

Fig. 4-18-1 Pressure distribution on the tunnel wall when the train entering the tunnel

(With portal hood).
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(c) t=0.0349 s (Nose end of train enters the tunnel)

Fig. 4-18-2 Pressure distribution on the tunnel wall when the train entering the tunnel

(With portal hood).
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Fig. 4-19 Time history of static pressure inside the tunnel

(With portal hood).
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Fig. 4-20 Time history of static pressure gradient inside the tunnel
(With portal hood).
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Fig. 4-21 Time history of static pressure inside the tunnel

(With portal hood).
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Fig. 4-22 Time history of static pressure gradient inside the tunnel
(With portal hood).
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Table 4-1 Comparison of maximum pressure gradients at 310km/h.

Experiment Simulation Simulation
(kPa/s) (inc. viscosity)
(kPa/s) Error (%) (kPa/s) Error (%)

Without portal 312 274 12 299 4
hood

With portal 210 177 16 196 7
hood

4.6 & ¥

RIEHE 23 @I T b RV NIZZEA LT BRIZ A U D IERIERIZ 2V T 1/30 #ig RAERIZ K %
SHAZ BRI X OBAERARMRITIC L 0 R, BE LEREONRICOVWTHREELZ. 41 7
— AU IS 3 ROTIEMEMERRAT I BRI R & o 7o EZD R 2 I 9~ 5 &0 5 HfiEie
REATIC K B PHRITFEZBR L, B R LT 5 2 & C, 2O PHIEORAEZIT > 7.
BFonlmAZUTICEEDD.

(1) FHEBSRI DRI & ROLEEE S/ L, 1 T —HRAESOI ML ZE LR 3
YL FERGERRRT 2 3 317V, FRRRIGIR D 7R B % & DI 5 & 5 FIFIC L 5
ML ORMEIREEC X 5 T FIE A 85 L7

(2) BAEFRAREF RIS X 5 PS5 2 EBR AL R & bl L 72 fs 5, Pl SN2 KE D AR O
IR E T LEEC4%, MELTAVEETTI%ERD, BETHNRBE 2 TREELAGT 5
ZENHLMMER T

=

(3) #RME LR EIC L D ERKREIIAROWENFIE, EITHE 310 km/h DS FIZBWT, 5
BRCIX 33 %, AT CIE 34 %EHIE SN, ZOEITHZIT/NE L, BAEMITIZ X 25 7HmIC
TR BN D 2 L PR TE -,
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