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Abstract: Tunnel heating system using heat pump was
introduced for the first time at Zhadun River tunnel in Inner
Mongolia Autonomous Region of China to prevent freezing
damage in cold region tunnels. Tunnel heating system consists
heat pump,

of the heating section, absorbing section,
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2008-25)

collector, and distributor line. This system can be used for
heating lining and insulation ditch in tunnel portal. The heat
exchange pipes are laid between first lining and second lining
in series of longitudinal arrangement. By calculating the
decreased ratio of area and moment of inertia of carrying
cross-section within heat exchange pipes, the results show
that the influence of heat exchange pipes on the carrying
capacity of tunnel lining is so small that it can be ignored.
Tunnel structure includes anchors, waterproof boards and
steel arches. The influences of each component on the heat
transfer of heat exchange pipes were analyzed by establishing
The results show that: D
The influence of anchors on the heat transfer of heat exchange
only 2. 3% @ The

disadvantageous influence of waterproof boards on the heat

single factor comparison model.

pipes is not obvious, at most;
transfer of heat exchange pipes should be considered at the
prophase, but it can be ignored after long-running; @& The
advantageous influence of steel arches on the heat transfer of
heat exchange pipes is obvious at the prophase, but it tends to
be not obvious after long-running.

Key words: tunnel in cold region; ground source heat pump;

heat exchange pipe; mutual influence
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Fig.1 Schematic view of the tunnel heating

system with heat pump
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Fig.2 Cross-sectional view of the tunnel in the

absorbing section
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Fig.3 Carrying cross-section within heat

exchange pipes
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Tab.1 Design parameters of tunnel lining thickness

BT BT A5 5 B2 45 A8 7R T T FROBL /R
FIARETE R 2. 9 907, 1 %, NIRIZR 14T T AR
/N R LR 2.
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Tab.2 Area decrease ratio under different conditions

P RGE =FiERE
Ao WEE ER WRIRE RN
/em /% /cm /%
I 35 7.1 43 5.8
I 36.5 6.8 49 5.1
il 45 5.6 57.5 4.3
v 48.5 5.2 67.5 3.7
v 65 3.8 85 2.9
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Tab.3 Decrease ratio of moment of inertia under

different conditions

N VIR om R/ om
G s
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Fig.4 Diagram of finite element model
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Tab.4 Thermophysical parameters of
different materials
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Fig.5 Heat transfer-time and temperature-time

curves (control group)
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Fig.6 Diagram of finite element model

(including anchors)

FUEAT RN S B9 PSS A R 5 X IR 4 IR He
B AT LB BN 7 Bt 7 AL,
BT R W 5 ) BRSSPI L D) 2 9 B O
AL E N IR P R B R P E R E 2
[ B PR AR 22 AR, TR 2. 306, (R, B 45
PR AT BB Xo AT o 7 A R R M R B .

8

W k=2 ~J
T T T

PATIEBAE/(W - m-1)
L b
T

b
T

—_—

5 10 20 30 40 50 60
BATI R /d
B7 #HmEtEdt kB (FEET)
Fig. 7 Comparison chart of heat transfer of heat
exchange pipes ( with a consideration of

anchores)
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Fig.9 Diagram of finite element model (including

waterproof boards)
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Fig.10 Comparison chart of heat transfer of heat

exchange pipes ( with a consideration of

waterproof boards)
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Tab.5 The amount of materials of steel arch

B KE/m HE/M BEE/ks EB/(kgem D)

R4 2 385, 4 1 489, 32 652. 43
HEER 8 28. 94 38.59
ELRAAR 2 8. 04 10. 72
PR 85 25 52. 49 70. 00

BE 578. 79 771. 74
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exchange pipes ( with a consideration of steel
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