RiiCE TRANSPORT

VOL. 2 ISSUE 2 2023

VEHICLES AND ROLLING STOCK

TPAHCMOPTHbIE CPEACTBA 1 NOABVXHOM COCTAB

Original article

UDC 625.1:624.19:697.9
doi:10.46684/2023.2.6

Particularities of the formation of the air masses
structure in the tunnel during the train movement

Dastonbek D--ugli Karimov'™, Yan S. Vatulin?, Alexander A. Vorobev?, Nikita V. Bogdanov*
1234 Emperor Alexander | St. Petersburg State Transport University (PGUPS); St. Petersburg, Russian Federation

! dostonkarimov325@gmail.com™

Zyan-roos@yandex.ru

379219751198 @yandex.ru

*bnv778@mail.ru

ABSTRAC The effect of aerodynamic factors on the rolling stock and railway infrastructure has been analysed. The

formation of air mass structure in tunnel structures during the movement of high-speed rolling stock has
been investigated. The processes of aeroelastic interaction of rolling stock with tunnel portal structures are analysed by means
of numerical simulation. The description of mathematical models and the ways of their three-dimensional realization in the
Solid Works Flow Simulation software complex are presented. Methods of finite elements and volumes for the solution of the
set tasks are used. The results of the numerical research of velocity fields near the tunnel portal area obtained with the help of
the developed mathematical models for the cases of entry and exit of the rolling-stock into the tunnel are given. The complex
structure of air masses formation in the gap between the train body and tunnel lining which leads to increased resistance to the
train movement in the tunnel is revealed. The patterns in the changes of pressure dynamics on the surface of the head fairing
when the train enters the tunnel are found. The fact of negative effect of high and low pressure zones, as well as their abrupt
difference, on the locomotive crew and passengers has been established.
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AH HOTA M BbinonHeH aHanu3 BANSAHUS a3poanHaMmyecknx GakTopoB Ha noaBmkHoM coctas (1C) 1 xxenesHonopoXx-

I.I, HYH MHDpacTpyKTypy. lpoBeaeHo uccnenosaHne GopMMUPOBAHUS CTPYKTYPbl BO3AYLUHbIX MAcC B TOHHENb-
HbIX COOPYXXEHMUAX NpU ABMXKEHWUM BbiCOKOCKOpPOCTHOro [MC. MpoaHanu3npoBaHbl NpoLecchl aspoynpyroro B3ammonencrams MNC
C MOPTasibHbIMU COOPYXKEHUSAMU TOHHENEN C NMOMOLLBI YMCIEHHOTO MOAeNMpoBaHus. MpencTaBieHo onMcaHue MaTeMaTUYecKux
mogzenen n cnocobbl MX peanmsaLmu B TPEXMEPHOM NOCTaHOBKe B nporpaMMHoM komnnekce SolidWorks Flow Simulation. Uc-
NoNb30BaHbl METOAbI KOHEYHbIX 3IEMEHTOB U 06bEMOB A1 pPeLeHUs NOCTaBNeHHbIX 3aaaY. [pyuBeaeHbl pe3ynsTaThl YUCTEHHbIX
nccenoBaHUii noner ckopocter B6IM3N NOPTasbHOM 30HbI TOHHENS, MOYYEHHbIE C MOMOLLbID Pa3paboTaHHbIX MaTEMATUYECKMUX
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mopenen ons cnydyaeB Bxonda MC B TOHHENb M BbIXOAA U3 Hero. BbissBNeHa CioXHas CTPYKTYypa 06pa3OBaHl/Iﬂ BO34YyLWHbIX MacC B
3a30pe Mexnay Kopnycom noesna um 06/1enKOM TOHHENS, KOTOpada NnpuBOAMT K NOBbILLEHHOMY CONPOTUBNEHUIO ABMXEHUA NOE34a B
TOHHENE. 06Hapy)KeHbI 3dKOHOMEPHOCTU B UBMEHEHUN ONHAMUKK OABNTEHUA HA NOBEPXHOCTU NOJIOBHOIO obTekatens npu Bbe3ne
noesna B TOHHENb. YCTAHOBNEH (baKT HEratTMBHOro BAUAHUA 30H MOBbIWLEHHOIO U NMOHMXXEHHOIO AaBNeHUA, a TaKXe UX pe3Km71

nepenaj Ha TOKOMOTUBHYHO 6p|4ra,u,y 1 NacCaXXnpos.

Kﬂ |_OL| E B blE Cno BA. aspoynpyroe B3anMOAENCTBME; NOABUXKHOM COCTaB; MOrPaHMYHbIN CNON; TYpOyNneHTHbIN pe-

+ XMM; laBNeHne; CKOPOCTb BO3AYLUHbIX MACC; CTPYKTypa BO3MYLLEHHOW BO3AYLUHOWM Cpeapl
[ins uutmuposanusa: Kapumos A./., Bamynun 4.C.,, Bopobbes A.A., boedarHos H.B. OcobeHHOCTU GOPMUMPOBAHUS CTPYKTYPbl BO3AYLLHbIX
Macc B TOHHene npu ABuxeHun noesna // Tpancnopt BPUKC. 2023.T. 2. Boin. 2. C7. 6. https://doi.org/10.46684/2023.2.6.

INTRODUCTION

The trend in rail transport is to increase the speed
of the rolling stock. The speed of freight and passenger
delivery plays the most important role in today’s dy-
namic world. Increasing train speeds lead to a number
of problems.

One such problem that engineers have to address is
analysing the impact of aerodynamic processes on rol-
ling stock and railway infrastructure. Complex aerody-
namic processes and the movement of large volumes of
air masses can have a major impact on the safety and
efficiency of transport. This problem is particularly sig-
nificant when high-speed rolling stock passes through
tunnels.

The formation of air masses during the movement
of a train in a tunnel is very complex. There are lo-
cal zones of increased and decreased pressure in the
front and tail parts of the train, accelerated air flows
directed towards the train, and also local zones of com-
pression and dilation in the portal part of the tunnel at
the train’s entrance [1, 2].

The physical processes accompanying aeroelastic
interaction of moving rolling stock and tunnel struc-
tures can be considered in detail by numerical simu-
lation.

MATERIALS AND METHODS

When trains move through a tunnel there is a sig-
nificant air pressure drop in the front and tail section
of the train. The pressure drop in the tunnel depends
on many factors such as train speed, air viscosity ki-
nematics, cross-sectional area, the shape of the front
of the train and the shape features of the tail section
[3, 4].

Numerical simulation of the train movement pro-
cess in a tunnel confirms the wave nature of air mass
movement [5]. On road sections where tunnels are
encountered on the track, the moving train causes ac-
celerated compression of the air medium, which leads
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to the formation of a compression zone in front of the
train’s fairing. Due to the viscosity of the air, there is
a rarefaction zone immediately outside this compres-
sion zone around the train. This rarefaction zone is
formed in the space between the train and the tun-
nel. Such phenomena have an impact on train safety
and therefore must be taken into account in the design
and operation of railway lines, tunnel design, and in
the design of ventilation and air conditioning systems
inside tunnels. The results are presented as calcula-
tion diagrams made in SolidWorks Flow Simulation
software package using finite element and volume
methods [6].

RESULTS OF THE STUDIES

Stable high-density vortex formations create the
main mechanical resistance to train movement. The
structure of the air medium in the train-tunnel gap is
a system of multidirectional, interacting air medium
flows with layer-by-layer distribution. The thickness of
air medium layers depends on the surface profile of the
train body, flow velocity, viscosity of the fluid medium.
At high density sections the trajectories of air masses
moved by the train take spiral shape [7].

Air flow distributions when a train moves in a tun-
nel at a speed of 200 km/h are shown in the Fig. 1.

The cross-sectional diagram in red shows the veloc-
ity flows of differently directed air masses, with them
in the immediate vicinity of the train, and in the upper
part and troughs in the opposite direction (see Fig. 2, 3).

Particular attention must be paid to the boundary
layer. In the boundary layer there is a transition from
laminar to turbulent air masses. The transition point
is at some distance from the surface edge, with the
higher the velocity, the closer to the leading edge this
point is [8].

The frictional force of the flow on the hull surface
in turbulent mode is several times greater than in lami-
nar mode and is proportional to the velocity gradient
of the viscous medium [9].
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Fig. 1. The trajectory of the movement of air masses in the process of formation of the piston effect
(the tunnel is not shown for clarity)

(7] Tepaigen =
8583 A

Fig. 2. Diagram of the distribution of air flow velocities near the mobile station moving in the tunnel

Fig. 3. Formation of the rotational movement of air masses located in the “train-tunnel” gap and the scheme for the formation
of a vortex structure

The complex surface configuration of the rolling Disruptive vortices form periodically, with their
stock hull slows the airflow at certain points. This con-  centroids tending to gradually shift towards the tail of
tributes to the detachment of the boundary layer and  the train, followed by their collapse (see Fig. 4).
disruption of the flow, which contributes to the forma- For the same reason, a stall vortex is formed at
tion of a rotating vortex. the tail end of the train, which creates destabilising
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Fig. 4. Periodic formation of stall vortices on the side surfaces of the rolling stock

.

Fig. 5. Formation of a stall vortex in the tail section of the train

conditions for the train’s movement (jolting, unsta-
ble behaviour). For rail transport, this problem only
became relevant once certain speed regimes were
reached, especially in tunnel traffic conditions (see
Fig. 5) [10, 11].

It should also be noted that during the movement
of a train in a tunnel, the nature of the structure of the
disturbed air medium varies periodically depending
on the position of the contours of the rolling stock sur-
faces and the tunnel lining. The most characteristic
are combinations of decreasing cross section in the
direction of movement (confusor), and increasing (dif-
fusor).

In such sections, turbulent flow conditions are
formed in the clearance between the train and the
tunnel. Rotating eddies block the free flow of air
masses in this gap and provide additional resistance
to train movement, and therefore lead to an increase
in traction energy costs for the train. This is particu-
larly evident when the train exits the tunnel due to

the interaction of air masses coming from the envi-
ronment into the rarefaction zone behind the tail end
of the rolling stock. This results in a powerful vortex
flow towards the train, increasing the aerodynamic
drag [12, 13].

CONCLUSION

Thus, the formation of both compacted and rare-
fied regions of air masses in the vicinity of train fair-
ings creates conditions of increased resistance to train
movement. The elastic interaction of the vortex struc-
tures discussed above increases the equivalent aerody-
namic resistance to train movement in cramped tunnel
conditions.

The phenomena described above have a negative
impact on the traction energy consumption of the train
as they significantly increase the drag and in addition
cause significant discomfort to passengers.
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