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Abstract

The simulation of scalars in the atmospheric boundary layer (ABL) is of great significance for un-
derstanding the distribution of temperature, humidity, and other factors in the atmosphere, as well
as the diffusion patterns of pollutants and the prediction of rain generation. Large-Eddy Simulation
(LES) is currently the main method for ABL turbulence simulation, and the key is how to construct
sub-grid-scale (SGS) stress model and flux model by using the velocity and scalar field information
of analytic scale. For ABL turbulence, a typical non-isotropic turbulence under high Reynolds num-
ber conditions, the viscous SGS model based on the Boussinesq hypothesis has many problems, such
as large prior errors and strong posterior dissipation. This study introduces a new nonlinear SGS
flux model, which simulates the structure of SGS flux (relative magnitude of vector components)
based on velocity and scalar gradients without assuming the direction of energy transfer. In addi-
tion, the local equilibrium hypothesis is discarded, and kinetic equations are adopted to consider
the reverse energy transfer and predict the dynamic evolution of SGS flux intensity. The study
used a neutral ABL benchmark operating condition and systematically evaluated the model by
comparing it with existing theoretical predictions and various flow statistics, as well as comparing
its performance with traditional viscous SGS models. Specifically, when LES reaches statistical sta-
bility, we focus on the prediction results of the model for dimensionless velocity gradient, dimen-
sionless scalar gradient, energy spectrum, and flow field structure under different grid conditions.
The results show that in addition to obtaining reliable flow field structure, compared with the tra-
ditional viscous SGS model, the new model significantly improves the accuracy of dimensionless
gradient prediction and turbulence energy spectrum prediction. In addition, we discussed the rea-
sons for the improved prediction performance of the new model. Compared with the traditional
viscous SGS model, which has a strong dissipation problem, the new model adopts a dynamic non-
linear modeling method, which can predict the reverse energy transportin ABL turbulence and bet-
ter capture small-scale vortices.

Keywords

Large-Eddy Simulation, Sub-Grid-Scale Flux, Nonlinearity, Local Equilibrium, Atmospheric
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K45 JZ(Atmospheric Boundary Layer, ABL)Z TR ST R R I KA 2, HIRFEIEHE O T E
300 KF| 3 AHLZIA], WAL NG LA HIZIEITEEHMATE ABL 1, kXt ABL FIMh &
F TR KA WA, WUKIIAER, V5 QP oA, DL R RGAE IR F S5 B
B . A ABL Jiiit i 75 i B AR B #RAE 108 DAL, A FORMB UMK T ii s AL . KR (Large-
Eddy Simulation, LES)& 247 ABL 1/ B[ E B k2 —, HoCH 2 anfal R g RS iR B 3 R b 23
= SR IV X % (Sub-Grid-Scale, SGS) N 755 B4 Al B AY[1],

T = UU; — U, @
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0, =U6-U,0 )

Horr, =2 LB R A A SO RIS N BGRE(~), 7 9 SGS BiJ), ¢ 9 SGS & . X T#H5& [
(e P i E K A ] B PR BE AR ok i, AN [A) SGS BARMZE I Z2 A B, (HXS T ABL XA S 20 (1 v 7 4
Hom By O AR [ R E R R U, SGS BN 45 R AV MATK[2] [3]. CAMIBTFLERM, Witk SGS #t
MU ABL AEAUL P R AN el R, B TN R RE ARG PR, To B4R i K445 [4] [5]. IX#5 ABL
(IRFIR L5 5 100 R PEAS R B A BB 1 1) SR BRAT 5%, B4 ABL £E N I 57 SR e A D9 AR 2% 1) [ P T
SR, AFEBR R KRB AR 2l S8 S5 K R AR 45 M o 10 B4R 07 P i ek e g by, S50 2R
AU RERS IR /N RUZ BCR B Ml e A, ANV BLm B RER IR = 81145

Smagorinsky 54 [6] LA X [z 143t B A5 A e LB ) SGS A,

1

Tij _§5ij7kk = _2ngs§ij ©))
q = Y 90 @
' Prg. o%

o, SRR, vy :(CSA)2|§ N A [RIPER SGS R T, S~|:2§ij§ij NRLIISREE, Cg AW
BB Pry, /2 SGS W HIRFELCH ROy, B Scg, X RIHARNR 7). DL RN RER IR SGS Y
eI A S R BRI AR R 1) WS R RS E BRI R AR L, K,
SR i A5 36 (1) T 487 5% ZR SR At IR RUBE 22 (R B AE ELAE s 2) AAABRAIT DR RURE 38037 X A RUFE P g B A I L U
MUY 8RR i TR NS 3) RSy B R AR B0 WA RO bt R SE A0 8, BRI E A1 2 1811
AHELAE R R eI BRI i FRUZE B850/ N R X 4 RUPE TR e AR R AL s 4) R Pl it B i U
Py A AT A X3 1 i 2 Re FE BT -5 K R B/ RO ) Re AR R P47, 3 W A ROBE AR B AR e — ke, B A
THER R RE, TS M MR, F AR IR 5 T R AR A I e AT
5) Az KA & RV, FEAFEDTE B, SR FERER/N TR R . 55 2R 2, AT MR
Wk T 5 T2 (Reynolds-Averaged Navier-Stokes, RANS) J7 % (1) 3= B g #5 B AH, Bl Boussinesq 15 1%,
RN TCR AR . R PR R T S S A I (R AR RO R 22, I BB 2R I 5 RS 1 T ) AL bR AR 4 A
— B [7], FEIN b a) (R AR RO T R A AL AR R TGV AL AR [ R T IR A B R, AR AE
B4 ABL HIVF 2 i 07 B P R VR AL 45 tH i 45 R 5 S bRl & SO 22, BIan{E ABL K=, @ FEA
Ui B2 4 T B2 T ELBG 2 W] RE B il 20% LA B8] [9]

LR M A Y (AR 5 B 52 SGS AR J3 b — A T7 IRl [1]e S AR ARG A [ i it JRUFE 2 T8 1Y)
FHEAE AN PG B 1, 177 32 2 DG 38 )R A A0 SGS Tl 53U ) A 28 P S 1 00, 8 A e A 2
[LO]AIR BEARAY[11] [12] 5 #RR I H AR AT E M,  EER A EA TN 2N 88 K/ B T A8 HE 1
AR AT B )RS ) Re AR S B 5 55 [13]. 2 it 2 J5, Vi 2 MBI n] DAFEVE 2 51 22 261 T I LA 40,
s HHEDRE FE I IR AN 2], JHRAE ABL BHot i, 25 R EATRens 45 h LL RV SGS HAL B 4 (1)
FM[7] [14] [15].

KRR ABL HEUE T, %% SGS IHENHREM SGS Art )7 2 HIHiis 7 FERs & kh B 45 1)
SGS #AIfE ABL fi B IR . KAt ABL LU n] DUA R i 37 Shn &30 2 B R & 0 R,
brE DA Shbr 2T U IE ABL T, btd e Mins i@, v MR 1B, 54
RO T A 2 5y G555 . R SGS i Bl e finia 7 AR 5k B B S MR RS (R G TE & ) [RI VR TR IR L e
AL [7] [16], PA KB AR i A e « 155 25 AT Z5 RIGEASEADL o S Ik B e 0% 45 R A D A% BBURK HL ok 52 1Y) LES
S50, BAE DL ABL AR 134 5 )2 it ik ¥ 49 B AR AIE, IX R A T 1) EAT 55 . BB 22,
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a5

AT LRGBS 31N SGS bt I7 22 HyHIE 77 LK — I okon KA FHR A R 1 SGS M LRI HEAT He
JEIEIE G2 SGS B BUIAT ey ot B AT 52
2. BF k50, MK EREHRIRT

£ LES v, S5 RIAERE 508 P B0 MRS BT AR R OC R o ARTIT TR L SR AR 2 P P52 2 45 4 T A
% I A TR AR SIE [0 4% 308 AR TR SRR A ABLL

. =2k (i}w V23S (5)
ij — SgS é sgs ij
Gai V:gs 2 aé
G= =7t Vi— (6)
| '{m]
Fodt, k= (uu -G ) RS ARE, (o R R B, 8 S R BT
9! 2 J ]

L R o Ko, 00
Vo120x, ox, 1 12 6x, Ox,
Av2 A0 00, Av2 a0, 80, A72 Ag. od. B A2 A0 A0 AV2 Al A A7 Ah. Ad .
ij:Ax 6u,_,+Ay ou, ,+Ai%_,$DGm:AL%%+Ay o, 89+Az od, agﬂ%i&ﬁﬁ-ﬁ),

12 ox ox 12 ¢y oy 12 oz oz 12 xox 12 oy0y 12 a2z

G| = GE.+ G2, + G2, . NS, BRICRIER M E AL v, = CLA% ey, » BHAU T AL L R B, LU
ANKER EE . HRAE Lu 28 A[L7JH0WF A0, SEFRAI0 M C) = 0.008 . X UK EEHIS) P D
S VB T P MO0 90 1 o B A2 48 R (/77 B O AR ) s 3 LR — AN
B R R0 SR T I B 7 9 R B K

HE— B HL, AT T ABL TERRHT U 55 U8 R 2 IR T B R, TR AT Iy Rk it
CRACI T

DR JEE T (P55 8 B XA PR 4% [ Sk, AT o B P2 T B AR B i 2 e

ok ok i k32 ok

i — C. L Vs
ot OX; P OX; A OX OX;

b N B A 43 AR OR B A i s BE M BEAS T, X Il JRI. FERR DU Hom . Hod,
Vigs :CM/QA , H4E Menon 25 A[18]HIBF AL, LU 3N C, =0.05, C,=1.0. M@ ERI KT
H ) 5 FETHE
|q| = Uggs O (8)
ol S O S A P 5 0 P 30 B PP T AR L B gy = \f2k, o I 2R A AR (b
BERRIEZE O, HOTESL, MO S WS bR 0 2 07, =00 - 00 kiR . W ThrEiBEIIEIL, AR5 IR R
PR, T SR AR BN AS s R,

00 06? 007 j Oz [Kegs
sgs +Gi sgs =i ngs sgs _qi%_\/icgg g N g (9)
ot oX, 0% | Sty OX OX;

ARBF TORHX AT BRI T Ky 15 05, WE MR AL GE R F ABL IR AT 2L, %0770 —FhoR
i gy 15 04 3775 IR IRIASAL J7 725, IRIBE 46 S 9 GDSM (Gradient-type Dynamic Structure Modeling) ™

3. B{EHR
AT R S T VP22 ABL KLU 1 () LES J7VE[5] [19]-[24RMPHEA 1R 782, (04w
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PR, R

JEB G RIS shESHE TR EIs 712, 1T ABL RIS EEUEA L 108 LU L, i)
ML LS TN E R EABERESE LT TR T I L), B0 7 R kT BL 2 A
H R T A Y BRI AR AR R (2 3X0(3)) S AL Dy 2 i 7 W 2R i B R (2 3(4)) [6] e - AT
TRFPER TR B Co W HHL, B Smagorinsky Z 4. 288 Ol 2 N, AL s SR BRI A2 R
RSP, A o i R0 R SR AR X TN 2 J2 P P X« R EEAN BT D, Wk 2 AR A LR R R,
W WA A% I SE BRI AR SR B, HAZAE AR T 77 170 LA R R 86 B2/ R [25] . B R
AR (R A Rk BT OO T T TR R R B, Dy 7T BB, A SO Al AT A AR
HRE(FTIRE A B AR VE T B SR S R . 2810, th T IRsh i bk, el
FE (R R T ROR RIL R P 3R T PRI AT A2 55T 2 B U, A3 28 AR By doe A 5 2% 17 R 1 R S [ [14] [26]

[27]0 — iy WA s % USR5 (1) 7 2036 7€ 28 Mason and Thomson [4]4% H 4 ¥ BHJE B8 8] LAk s
“n

oy Csz{cg”+[zc(%+%°]j_] S WSS, AFIEAE, S FI% R Smagorinsky

BERUAEL, 24 C MMETE 0.0 & 0.3 IX—JuM H n=1,2 8k 31, %A 3 n] LLTE R 24213t o8 B0k i ) Hiok i
oA, HBFFUE B Sc g, EIITVERITE 0.33 2 0.7 2 [[4] [5] [25]. Rk Porté-Agel & NIIHTFL[5], Ak
W H AR AR H IR JE R %08 C, =0.17 A n = 1 (f21E/) Smagorinsky #1455y “SM™), FFEREFH
RH Sy =0.5 J Scgy, = 0.7 IXFIANH AL .

AU R L TR, HACEIT R Dl e i, R B EOH Z o250l 5
BN H = 1000 [m], AR K RSN L= Ly = 2nHo TR0 R 208 N Ny BTN, AN355) 18]
B A DR A% A, ASHIFFE LA Ny x Ny x N, = 32 x 32 x 32, 48 x 48 x 48 1 64 x 64 x 64 1] RA% 7 R BEAT R
WA RS V- T A B 7 1) AR, o AR — N B P R B R T N 2 = NH o T EE — AN IKP s S T PR

z

F’E%E%% o {EJEEBIET R A Monin-Obukhov AHALFR 16 11 5 5% 5 B¥ 52 F1[5] [19]:
| -2 g _ U(z)x
fisly =7 (z)w_ In(z/z,)-¥,,
B, W, AEEIREERIE, U (2) & FIEFR M RAKCTREE . ARSI AR A =3AA A, K

LTI BN, Horh A, = ;

J U“(iz), ok % von KarmanSH, u, WEEEOERE, 2, WHIEEK

s Ha, =% o XMW FUARAE 312 FUNIAE AR LR LT AR TEAR L VR B 1R 22,
X y
LA 1) 3456 F — A #f ) Adams-Bashforth 77 € K47 [28].

AR R F G S 30 B B 5] [19] [24]. BERIRShH x J7 1 b A8 & FE A086 1 —u? /H 34T RS,
HBB AT E u, =0.45 [m/s]k z,=0.1 [m][5][24] [25]. Fi A48 E N oa/oz=0, &7/6z=0,
W=0%00/0z=0. {EIRH, PEREIELE RN P, =0 . Wi EE 0 FRIERE g, =-u.0,,
KT Femat e R shAn 237 9] AR [19] [25] [29], FFiXE 6, =09 [K].

4, IERER

1 SRR 2/H = 0.1 B7KT 0 _F LES FAF MBS Z = K, AT LA A BOARK
MR 6T, 80T U T, 3k — R AR A AR [24] i 45 SR 2 — B0 o FERUEBEPUA B G it A e R
J o AR SR PRSI it I e v B AT T U . EAR SO, KCPIETRT [R 4R A PR RN ()
TR LI 43 R R B s M s Ay £/ = f—<f>; ARWFFCLA 323, 483 F1 64° 3% =2 [ it A7 2 T 3RA3 1
Ak A5 ROV BRI R AT K 56 -
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Figure 1. Transient flow velocity cloud map obtained from 64° LES
on a horizontal plane with a height of z/H = 0.1
B 1. B 2/H=0.17KFHE L 64° LES RIGHRSRERE = E

4.1 RESHE

ul
= SM
27 o GDSM
20 -
S
~ | |
A %5
13 16 /I/O
Vv - ©
14 ,g’/
2 7
&
10E '
1072 107" 10°
z/H

Figure 2. Non-dimensional velocity profile
E 2. ZTEREEFIE

KRR, H LES J7iksR AR ABL it it A7 78 1~ 15 A Th ANt S 351 AN vHE A 10 1) @ DRI AR /N7 22
4B 75 BRSTAUL TN 45 5 5 AR B 45 BT LA, DAEEGF TR AR R e . 1SR TTI[30]T 1931 B
UOR R BURERTH 2 — P20 R, H TR IR A Z K B J7 KF KOs ) 5o A . 10T 48
TR S )2 R R U TR SA AR I o S 1 38 R T B N BRI B o T ST LA RN
Monin-Obukhov AHAER £ [8] [9] CAFEAR Z I & A3 3] 7 UESE, PRI g 57 1) AR AR R B 1% 5 2 JEAT L

u,, (z

Beo it ABL AT (0 R P T AT A5 s 0 0 5 A A 3 (U)=—In(—J, Horh gl ) Rk

k \z,
FE 7, ARAEE . X HUE RSPl ABL iR IER Z IR A, H GRS E PR 2H =
10%~15% LA F i sh. [l 2 Lhi T 1E 643 AR 254 T4 H SM Fl GDSM 1% 9 AN 55 14 SR 15 1 ~F 240 47 1) 3ok /5
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H. FTLAER], {EH SM RIS RS Z ATt o4 R —8(5], JF HARBH RAEH SM SRAG 1T 3558 5
KT PO TR T3 . TirERE, GDSM RES A MR HOHIT, I H BB B0 AE A R W ks
Sy FEARIIG N, ATE R T 5 % O A O 25 B DR
N T TR AR PP AR B, T LR B A D T LA B eR B AR T AL [ SR R I G AN A . P
TSI FA AT ISk 11 O B N LR S SO
o, k2o
“oou, oz
AR I 12 25 SR AN A 4 T [8] [9] [30], fERJZE @, =1, FHIEXHZZ HFIARILHE AT LS 4 BoR, H
AT E VSRR, ] 3 BoR T RIS Y TSI C AN T B AR R . 5 H A AL —5[4] [5],
SM FIBLHLTE 2/H = 10% LA Fahib =41 &, B K FEIRME 1 (R RAXHRE Z L8 30%), 3B —15
RS IRE THER, EMTH ERR TR Z W3R, XK SHREP T EY), #ifirA8K o, H. W
HEE, R SM TEE m /K& E @M > 0.15)n] LAEE i M TR BE e, (Hanlsl 2 Frox, HEpT R
FERIR /N BEZ 380 25 R& BAR AL th R A0E T R 5 E T &t 2/H = 10%~15%LL R i s . AH
tbz F, #E3R)ZE GDSM X —Hi B = A 1) &, BEHT T BB (B KA R 224 18%), DAl Ifii il LA BE 47 b
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Figure 3. Non-dimensional vertical velocity gradient map

3. RENEEREMHEE

XEFbrE, AU T ZEE A Dy I AL R KT 2 0 s R ) T BN T ELBR S EOR AT AR
Ko ToEANAR B E SON:

P, =" 1 (14)

VZCHREYI[8] [9], fEFIERTILFEFMT, ABL KIEA ©,=0.74 . [EHIPINAIREF Sc,, fHik
11 SM BEUERIG T AR AR EE QA 4(2) s, WILAE R, Arih S B 5 s B0t AR [ Y — ey
it 5HAMGITT—B[4], HATHTFULRY], BT o, VRS 0.74 X HIwZE, HRMH AR
PSR 22 7= A AU @, I [19] [31] 1] 4 A7 B T A P TR R ZE AN IR] I K S5 A R EAT A SR A
M REAIbR ERRE . IR, SRR R AR SR A I @ (8, JF LA R B HTRA R R A%
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PV PUBRPERAG,  H 32° Wk 26 AF T B SRAG 1) o, (E IS E T WM, X 0T RS2 T 7EBORURE (1 0 %
SRR T BUEY HOG M o JRAL, SRR RS S BEAR TARE @, (8, T 7E 5 IS s AR R T A
fE{f . Porté-Agel [19]Z i IWH 7t CLat i | Bhaimk SR A M IRmy SN E, [Er o,
{EAEHOTH B AR /N2 0.6), 7E3RZ 2RI IN(E 2 0.9) [32] [33].

05 —=—SM+Sc=0.5 - 0.5 +323 LES
—o—SM+S¢=0.7 —o—483 LES
" I ——643 LES |
T 03 T o3f
N N
021 02f
0.1} 01h
0 ‘ ‘ . 0 .
0 02 04 06 08 1 12 14 16 18 0 0.2 12 14 16 18
¢0
(@) SM (b) GDSM

Figure 4. Non-dimensional scalar gradient simulated by two models: (a) SM; (b) GDSM
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Figure 5. One-dimensional flow velocity energy spectrum simulated by two models: (a) SM; (b) GDSM
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Figure 6. One-dimensional vertical velocity energy spectrum simulated by two models: (a) SM; (b) GDSM
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Figure 7. One-dimensional scalar energy spectrum simulated by two models: (a) SM; (b) GDSM
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Abstract

With the process of urbanization and the rapid development of high-speed railway network, the
safety of platform passengers has received wide attention. The purpose of this study is to explore
the influence of the high-speed train passing through the platform through mathematical modeling
method, analyze the basis of setting up the safety line, and put forward suggestions to ensure the
safety of the railway platform. This paper studies deeply from three aspects of force calculation,
safety line setting and influencing factor analysis and proposes an improved Bernoulli model based
on regression analysis. In this paper, the average weight and volume of children, adults and the el-
derly at all ages in China, as well as the speed of the train, are analyzed with multiple linear regres-
sion as dependent variables, and the data are classified and processed. Then, the thrust or pull of
people at any speed of the train and any distance between people and cars can be calculated accord-
ing to the improved Bernoulli model. The maximum airflow force that passengers can safely bear is
determined, and a safety factor is introduced to consider passengers with different sizes and stabil-
ity. Furthermore, this paper puts forward the optimal position of safety marking under different
train speeds to ensure the safety of all passengers, and proposes the intelligent safety marking set-
ting.
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MRS 22 o 24 NIRRT BB ARG, e st 280N o TXAE N BRI Ja TR 0 IR s ZE it 2 T I — AN 70
Al AL ER P A S M T R RE S T 5. SRJE . T LA A 2R R T P AR R R (v )R A B
Mz sz, SR 8RN ).

A

£ 5 (AETREREHAESSE)
‘§§
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Figure 1. Air flow and pressure diagram
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24. REITH

PRR KGR T A 3 (1):
VfE

2

1+(de
D

Horb, vy RAERIE, VvV, RFIEREE, d 2P R ANREE, DRSIFRTE, KPRk

B, CBOR TR B EA S R B ATER . XA A AT DI, MBS d BONaR iR, XS

vy WWBHRIESN R v, , (ERREE IR d (g, XGE 2 DA S A Bl 2 R A TR IR
bR R A K (2):

VJxLl = 1)

_V.-D
le_D+Ko| @
Hodr, vy R G ANBTRSZ B RE . XA 20 8 3 s i TSR s 80 ORI . 78
R THE b, BEETEES d 3N, SEGHE v, N
25. FHitHE

i R B SN(L): FREEP LR NPT F = APxS . S o MATERT B 7 1 M2 AT .
BV A A2 TSP PO, T DL R A A e S R

3. ETEAS AN ESFIEE

3.1. ERHEE

BT RIS A 6 AN IR 2 B R 2 R R ER A AE S PN [F (85, AR SO EZE R — T JURRE A3
BN WA ERDRVE R AT ik HE . 428 B F54E CRH380A. CRH380B (CRH380A 5 CRH380B 1T
B 3L AAH ). CRH3. CRH5. CRH2E.
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3.2. ET%uxEVFSraEiEE
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Figure 2. Sample scatter plot

B2 HAHMaE

AR EIE 2 iTRLEH, fERFFIAESVIZEREREER, FBAERIBK, FEZH
RITERERR s aR% A B SRR REEA RGO T, FIZEEEBR, FeR 2RIt oR; &EM
E=IRE R A HIX AN AR RS RS LR R, B DA e R G R E 53 H 5 ikt
ITEIER AT, RN B EAEZA, FTCUCRA 2 4t B3 75t ki AT Ab 3

WRIETT A

)A’z ﬁAo +le1 +ﬁA2X2 +ﬁ3X3 (3)

# B30 AR PRAT B ERE I8 MATLAB #E47 2 e 2V 81 VA 70 A, WIS 2SR5 SR a0k 2 s .

(Rl AT A4S Ze M R H T7 FE

§ = —0.6041+0.0009x, +6.7221x, +0.0026X, (4)

R AT RIAHOGE R AL R AOZEXHE N 0.9769, AL T 0.8 B 1 Z[A], RWIIZAEA ML AR SR 95
RN P < 0.0001, FrRMRAEZERIE N P < BUER /KT, FIHIEY TR RS 5 E L WAL
BHEEMER R RN IR RIE R 75 ESE R — 20 #E— e 1 R R S AR AR E AR R,

W SR AR BIE DT RS, A SCR BT HR AL TR, ARFRESIR UG 3 PR
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Table 2. Multiple regression linear analysis

F 2. ZREVEALMSH

EVEES EVEER ol ipa i) 1A R 5 B AF X (A
B —0.6041 [-0.6889, —0.5194]
A 0.0009 [-0.0014, 0.0033]
B, 6.7221 [2.8316, 10.6125]
By 0.0026 [0.0023, 0.0028]
R? =0.9543 F =159.0702 P <0.0001 S?=0.0016
Table 3. Data processing of linear regression equation
< 3. MRS ERIRLE
E&E/(km/h)
AR (m3) & El(kg)
200 250 300 350
0.0125 16.8 0.103 0.162 0.233 0.317
0.0225 41.3 0.153 0.239 0.344 0.469
0.0265 47.8 0.171 0.267 0.384 0.523
0.0285 56.6 0.179 0.28 0.403 0.549
0.0325 66.7 0.196 0.306 0.44 0.599
0.0365 65.4 0.211 0.33 0.475 0.647
0.0425 69.5 0.234 0.365 0.526 0.716
0.05 78 0.261 0.407 0.586 0.798

I 3 R, ASCRIRE Sz B BRI KN R R WA 34T R K 2R (A0 0.3 KN A4 5t
), H 6, Gl 2 AW G TR RS LT 2 2 B R 7 /T 0.3 KN, BT DLASCR R 0 NN 5 %)) Ls
HIRF N B ez MAFEZE SR, R —80 iz A K/ANVINT 0.3 KN, - BRI SOH e % LUVl 22 53 1A T
o338 B Ja R PEIRNA T RE T AN, B2 R ) BOR/INMFTE S35 520, [RLHKE 2258043 09 200 km/h 250 km/h,
300 km/h. 350 km/h ix U7

3.3. BMHHYASE FIHEE AR
Tt 6 0 2 AR R N E AR, P DOX BAMECE . RIS T et 6 A SC e @ i 2 ot
PRI SEAEA B 4k BN N SO 2 i
HEXR TR, SRR (E CRH380A RS A EATHIN, B4R 51 Lo VST (Y 22 4
LB N Z Dy HURIEA ST B GOR AT &, R BRI 2R E DN 72.4 kg, LR T4 {4 E )y 58.8

kg

B S R AN MATALB 2, g7 3E— 2 B Al AL 70 4
B LBV PR E ARG, WA 72.4 kg, KA NARAD AR S 1 AT AL A 3
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Force on a Person due to Passing Train
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Figure 3. Thermal diagram of distance between people and trains and train speed
B 3. AMFIEESSINFEREHRAE

M 3 H AT LR R, SRR (A TR AR, AT G BE B (A7 22 K) B 22 4 e
L5 UG RIIEEEN, ANFTZRIM I PERBR . G228 mE 55 6% EAZR, 14K
HEEER, ANFTZ 2 e RO . [FB @ 52 J) el fniiE,  AAEsh & BT WCEIRAS e . @
SO << 1 NG | S R e s S A AT TR A R A i WA RSB NI T PN ]2

W R B o 1 =05, NBIRENM, HEIJEL N g =9.8 m/s?, FEEIIAF, =uMg, KJJ:
F=APxS . XS5BT RENMZINZ )G, ISR 8E 7, W “I 7 s “HED)” .
[ B AR 4 R4 T e SCAT AT A3, ATEFI R iR B &l “TiE” 3“4 2 TR
RE AR R4 T (R K/ N W 1) T DART DAY BE 0 ) e KAB B VE — AN BIAA

B BRI E Ny 724 kg, “FIER D 0.05 m?, W M = 70 kg, M7 AR B KR )
Fr.. =#Mg=35476N , #ou 5=, MIE )y 354.76 N.

() s 8 T B8 A ) R AN B 22 A 2R ) AR Hh 45 281 XU TR 5 2k B A 2 8 5 1 T LA o6 R R n 1] 4 B

K] 4 B RGE (AL ToRUME), DRSS (A 2=0K), FE 4 515 3 37 A, aT LG 2
M HIZERS 55128 CRH380A. CRH3. CRH5. CRH2E BI4=3d 4y 51124 350 km/h. 300 km/h. 250 km/h. 200
km/h, IRk EE 2 AR EE B 40y 14 m, 8.85m. 3.75m. Om.

NAR B P 351k 8 55.7 kg, “FIEFA 0.05 m?, M = 55 kg, 774 K BE #; )
R =4Mg=2695N, WX T L=, BI{EHA 269.5N.

F B A AR NS B (1 AR T I 5 b ST ] A P 2 AT 0T L At W 45 21 AF I (4 8k 6 22 4 s 26 B 25
ARSI XT AT 55 W Ve A R s AR B/ IME I T AHRLA 3R, AR S 2 AR R BE B a3k 4.
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Figure 4. Wind speed and railway marking distance
4. RIRSERIEIREIE S

Table 4. Adult male and female weight railway safety marking distance table

T4 BEBHEMFESRBRREREERR

Ze 37/ (km/h)
5] &/ (kg)

350 300 250 200

YN 74.3 135 8.4 3.35 0

% FiE 72.4 14 8.85 3.75 0

R/MA 70.4 145 9.3 4.1 0
IEIN: 60.8 17.35 11.7 6.1 0.45

% FHME 58.8 17.9 12.2 6.5 0.8
w/ME 55.7 19.1 13.2 7.35 1.45

B FRAED, MRy 200 km/h B, ST R, 2 ATARER I LA EE R 0 Lo R, BT A
AR NEE N 1.5m; DUEHE, 7EZ558 N 250 km/h I, FRERH9B3E RN 7.35m; 244553 Jy 300 km/h
B, FREEMIAE 13.2 m kbs MZEHAE 350 km/h B, FREZRIAE 19.1 m Ab(H: 78 SEFRAIE HH A1 28 HE NSl £ i
LA F) 250 km/h, RAESL & NS,

AR R RN NFIBR L) LSS, @i FR T VRS B Bk 2 AR R EE B R AN 5 Fim

FFEAAS, SHFh Lok, fERESE 2580y 200 km/h B, 2 4Rk N B oA 5.7 m; DLILEHE, 784k
N 250 km/h B, ARERHTENCA 12.7 m; 2445380 300 km/h I, ARZERIAE 19.7 m Ab; 24 ZETELE 350 km/h
i, FRZENTE 26.6 m 4.
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Table 5. Railway safety mar distance table introducing weight of old people and children
F 5. SINZBANPNEEERBLREIREIBER

2235/ (km/h)
5 e E/(kg)
350 300 250 200
YN 23.1 18.1 12.4 6.7 0.9
% FiE 19.8 21.2 15 8.9 2.75
H/ME 16.4 25.6 18.9 12.1 5.2
YN 21.9 19.2 133 7.4 1.5
'S FME 18.9 22.4 16 9.8 34
Hw/ME 15.8 26.6 19.7 12.7 5.7

34. HEERERRE

RN 7 Ik B 2 ek B E R EREAL, ZBORFI LRSS . ARG e, SCOIN BRi 224
PRECHISEI T S TEDIRE . ZBORAAGLUT U R —RSEE,  BEsRIg R ENIE 51 4 b i (19 4=
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4,

e

ASCUL [ A it A B Oy B At S ST A R R S AR, e N S BRSO 2 £ A
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fifitesg, idiE L R B A S, WEh S MR T2 2 XU ST, NRRIIAR TR 7%
R, Ay DORHEE A R BEAT A A, T EAZ AR AT DLAR R A B HdE NN R B2 AR
L B4 N TR BE S AR NAR 28055 o [FIdE id MATLAB A7 5 AT AL S i b b 1) A
(7 S A e R PR 2T, DTRG0 At s P e O b i o B R 15 22 4, 9 4 I 1) EL R W . A S0
PRI TS AR R A Y BT, LU I BN RS, AN R A EE A AR 25 AR 18] 2 BRAS R L PR
REFRZ . (EAEREATHUA BRI RE h, Al 7 — SR8, B BOE S R - T, s il T
FU TR AR G IE B A AR A, WM A A SRR, S AT REAE — LeSBrdg 5 A 2 AN B HER )
I RO B — 2 MR IR, R4 w] DA — B AU i

EHEWH

AXHAB W FEEMREEANDE 2023 FHtxIE (W H %5 : 230828424907023). I THHUEB)T
2024 I BFEARIII H (75 25) APk B TR 2Bt 2024 45 K244 6038 151 H (97 H 4% 5 - D202404171521260958)
SCHE

SE
[ ESAE R, ERE RS0 R A (TR E R AR [EB/OL],

DOI: 10.12677/ijfd.2024.123004 43 TARS) S


https://doi.org/10.12677/ijfd.2024.123004

SREERS 5

(2]
(3]
(4]
(5]
(6]
(7]

(8]
(9]

https://www.sport.gov.cn/n315/n329/c24335066/content.html, 2024-05-28.

RHALL. BERAER T B RR B 2SRt OB AT 2 K [D): [ 2 ie 5], dbat: dbaisdid R, 2012,
SALAE, ZRAE. st 5 E M. JbE: BT Tl H A, 2007.

MHEE, SERVE. BURERIM]. dbat BUBCT L, 2005.

4. MATLAB 7E3022 8 AR S M. bt dEEias BiiR K2 kA, 2011,

XISKAR. Fep@ k508 M. Jb5t HUb Tkt i, 2005.

RR/INER, TESRAR, K, AF. TR0 IO s A R 5 AR S GRS P R D] SCiEis i TR Ak, 2023, 23(3):
148-161.

SRR RGRIBC A1 AN 40 3l 700 LT 70 B =R 2 S PAG[D: [ 122008 SC]. Bkl Ph RISl A, 2022,
it WK RTT M 8 4 S R S RS S [D]: [ A Arie ], Kb Wi ke, 2022,

DOI: 10.12677/ijfd.2024.123004 44 TARS) S


https://doi.org/10.12677/ijfd.2024.123004
https://www.sport.gov.cn/n315/n329/c24335066/content.html

International Journal of Fluid Dynamics {43 /12, 2024, 12(3), 45-54 Hans X
Published Online September 2024 in Hans. https://www.hanspub.org/journal/ijfd
https://doi.org/10.12677/ijfd.2024.123005

EMEEMNMBEANERZER DY

BB, R, RAARS F OB, BEAW

Vi A W H B L, B
2 [E M AREE B BR 22 7] RS TRERE FEBE, bRt

ot

Wk H . 20244F8 H21H; FHEM: 20244F8H30H:; KA HI: 20244F9H29H

HE

VLB AR PR R - BT, R—AERZXIANECH R, MREFHIASFREMEER EBR
SRBAFRERRM, HiREMRE YRR . BET R TRAMUH-60 EAHLHR SR
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Research on the Impact of Landing Path on
the Safety of Takeoff and Landing for
Shipborne Helicopter
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Abstract

There is vortex interference in the coupled flow field between helicopter and ship, which is a com-
plex and turbulent unsteady flow field. Shipborne helicopter will inevitably be affected on different
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landing paths, thereby limiting their takeoff and landing capabilities. Based on a simplified coupling
model of frigate and UH-60 helicopter, combined with computational fluid dynamics and helicopter
flight dynamics, the characteristics of helicopter’s candidate flight envelope under different landing
paths (stern approach, oblique approach, lateral approach) are analyzed and studied. The results
showed that among the three approach methods, the candidate flight envelope for stern approach
was the largest, and that for lateral approach was the smallest. For the oblique approach, the
maximum wind speed boundary occurs when the directions of approach, heading and wind-over-
deck are consistent. It is recommended that helicopters prioritize stern approach. If using oblique
approach, the direction of approach and heading should be as consistent as possible with the direc-
tion of wind-over-deck.

Keywords

Computational Fluid Dynamics, Flight Dynamics, Shipborne Helicopter, Candidate Flight Envelope,
Landing Path
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1. 518

LA FRBGR ALER BT LT BRI B2 &, R BRI e R 2, SAssh, BRE
PG TT & AR SRR, W RSN B BN BRI G o R e T4 T AE AL,
HRATHMRAL THUEIGTT, B AU BRI E, R XA R IR X,  [RIN A4 7 AN E 7
BEYIR, WK 1. QUeRETHHERFEEREFBEARGX, D22 mRNINs, Ths
FECATE R BN AR XN, S8 T B E TR R R SE R, B DL IS S WU T AR
TR, LR BT LR B R v ) TRAT 2 AL S A — AN R R

(B 7 X FHTX

Figure 1. 2D flow structure after hangar
1. HER ZHRahE

T FE b, BTN G DU T 5 B T AL A B A 1 A A o IR P 10 D L L T LA o 22 4l
F T2 AR o RS B XUPR IR 1 i B AL R BT HAILAE T2 R A L P e PR ) i R VB (XU < U)LY
IBENIEE WG . JARE). Bogstad [1]#1 Roper [2]55i@id CFD JHikFAFMM B E B, KA i ATT
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BER S5

JEEFNLEN S E R B, 53] T A E AR R =LA . Roper & A [2]i#1d CFD 744931 1 K&
MIASE A R s B0E, DL v BEamll, 454 3 FLIGHTLAB YATRUMIAES, 7RI K214
B3] WAT BT 20 AT I HE , &5 R AN [F KU AR T AT B AR A B SR S L B AL
SFS2 AR . Lee Z[3]1LA4 11 UH-60A ETHHLAT LHA ALAR, WF5C 1 Bl AR 6 I3 E T
MU RATREVE R RE A, ASEJ AT AR R AT AT SRR T4k

JEFEIEFENAPE R T BEANIRIE . B MR FE 5N BV R ©AT 30 A, &
SRR THEAR AL SRR AT AT B A A 5, RS T IR TE N B AN AT B KR . TR SCR S
N[S1E X CG-47 B Ik ML A4 2 UH-60 “ & ” BEIFHLINMA S AT TRt 5, 46
TR T BT B LS, 58 THEIRKRE . SSRRW: R M LAY R
B SR P I, IR A D0 52 BRI B AR 2 i, BUD SR N[6]38 H T AR B A HLER 12 KPR
B AT BRI 732, WO e b AT AL IS SR B PR ], 456 /Db B i B SEe CAT IR IR IR
e PR BRI . AT LSRN AR 22 A 4R T b S AT IR, AR S KRE. A2
EFSEN[7ILL UH-60A ETHHLAT SFS2 MLAR AT FiXt 5, #E4T T HMLIIRS & CFD J7ik A LECF 7047,
IR T FCF O vE AT AT M SR IG 5NN T L A LA, I RS G CFD RSP 77 7270 22 445 U4
T T AU A e E AR . BAZEE S5 N85 T ah & 7 vk, @EL T AR B THILAE I XBR B
HREEAY, DREEAE. REREAE. EIVLES AT IR AWRME, S TR EA
IR =S AN S

DA A T35 o3 M AR B AL % 22 A i ARt T R A (ks , AR KRN 2T 40 A A 8k L ALY
BT B AL AT RR M, AT AR B TS R A R A s, 84S DU SRR X e S B T
MUK A Fp o 7 AR A E— g R R TR, RSO A AR AR 0 L B A MR P et 7L, 456
ELFHL AT J1 2R BRI A CFD Wt 2Y, T AT P i 72 o e B 2 A SR S i ARG 2T 1%
i, W AT E RS AR PO RIS LR AR T B A AUXBR B AR ARFE,  DAHAEE LS Y — L) B ML R
BEHESENGE®.

2. iHE G
2.1, RIABUETESE

ASCAE T AR 5 B Fluent X7 A0 W BB THE . i T A e, TR 7
HITE B N RIEA W] IS, i LA HAN AT S il 42 05 R «

V.V =0 1)
p%¥+VP=F 2)

ERTTREPQ)FOESL T, K v o ERE, QX NETTHE, H DDt R SE, fiiik
IEBNTARTE A A BB R, p NIRRT, P ONTRARETSZ SRR/, F R R &
KB P 1 K — e T AR R R A 5 R, i B T 1K 7 19 SIMPLE(Semi-Implicit Method for Pres-
sure-Linked Equation) &y xt ik 5 #2 B i H 5

2.2. RBRETESZE

N ETIHLAL T % A B PR R AR E, RIRMIMUNR ST . ™57 & B TR AR DL 22 A8 (i
PREEAE o R4 F i A SRR S AR BT ST W R LT AL D 2 4 A 1 T B R A LTS
FURLAOF AR I8 3 0 725 Tt 5% 36 AU T S B UZE =AU T« G883 CFD 1H 5045 AN AR T 7 20408 1 AN R
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0 PR BT SR R s, DAL FEBURE A S B BN T A P XU PR I Wl - WL 3 B2
BEAREA M) BB R EEN . SRR AR IR DL R S SRR . B A Sk B
UH-60 ELFHHL A i A0dr PR, 3% 2 DL 295 SRR v B T B B JRURR P 7 225 0 2040 9] <

FIPE—: EEFNEMIE RS, BV AT ED 40, EERIAED 77

PR EETHHLE MR, BIYRR AR 87

PR = EEAVEMERE S, EAYG AR R A AR R SRR AR 2R AR PR R R e
AINTF 10%;

FIEDY: TEEFHHEMIERE T, REAWFIRIIEA/NT 10%.

AR SCASE FH RRR P Tk SRR A S S BT B WL AT B0 AT, A It 3 B I 31 B LA
R BT BN EC P T B, R A o U PR PR 40 e A5 B L2 5 T AR P XU BR B FL B iR AR an ] 2,
ISRVSUY L/

1) MR FH-90° (ZEFZRI AT, ARERIUNIE), ROE 5 TITiRTHE, i fl-F it Ea 2 BTl 7
NS E, 5 ERAEEITL, A7 ASERTEN. SREE, AT HlH, WK
A FEANIE G B AU T AT P o

2) TREFRAIAAR, RUEIE K 5 5, BEET AU R e 0 SO RO S R AT R L, B T A
i I AR, TR RN T

3) TR AR TS KT 907 (AR SCANAH B 90° A7 A% 90° AR KT Fily. 5 A%, {5 1b &bt 5

L, KR 157, EESE 1), 2).
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Figure 2. Procedure of calculation
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3. IHHER
3.1. ARAR4EAY
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Figure 3. Schematic of MSFS2
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Figure 4. Schematic of flow field
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Figure 5. Schematic of mesh
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Figure 6. Schematic of different landing paths for helicopters
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Figure 7. Candidate flight envelope of stern
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Figure 8. Candidate flight envelope of —30°
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Figure 9. Candidate flight envelope of 30°
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Figure 10. Candidate flight envelope of —60°
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Figure 11. Candidate flight envelope of 60°
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Figure 12. Candidate flight envelope of port
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Figure 13. Candidate flight envelope of starboard
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