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Abstract: The large-scale storage of unstable renewable
energy has great potential. Therefore, a heat storage heat
pump system for tunnel surrounding rock is proposed, and
a 3D heat exchanger coupled model in tunnel surrounding
rock is developed. Additionally, an optimization method for
heat storage performance of tunnel surrounding rock heat
pump system is proposed using Taguchi design, and applied
to the Stuttgart-Fasanenhof energy tunnel project. The
rationality of the model is well verified by on-site thermal
response test data, and the simulation results of the heat
storage performance of the thermal tunnel show that, the
heat storage efficiency of the tunnel surrounding rock heat
storage heat exchanger system is at least comparable to that
of the traditional vertical borehole heat exchanger heat
storage system, Moreover this system reduces the high
borehole construction costs and minimizes the required
underground area. Four operating parameters for the heat
storage tunnel at three levels are assumed, and L, (3*)
orthogonal array is employed. The optimal control parameter
combination and the contribution rate of each parameter are
obtained by conducting signal-to-noise ratio and ANOVA
analysis using Minitab statistical analysis software. The
maximum percentage contribution is observed in factor D
(heat storage and extraction temperature difference) ,
followed by the operating ratio, the initial temperature of the
surrounding rock and the thermal conductivity of the
surrounding rock, respectively. The optimal parameter
combination is obtained, i.e., the initial temperature of the
surrounding rock is 18 °C, the thermal conductivity of the
surrounding rock is 1.5 W-m™"+K~', the operating ratio is 1:
2, and the temperature difference between heat storage and
extraction is 45 ° C. The research results can provide
theoretical methods and technical support for the
optimization of heat storage performance of tunnel
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surrounding rock.

Key words: tunnel surrounding rock heat storage heat
pump system; Taguchi method; operation optimization;

thermal storage performance
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Tab. 1 Material parameters used in validation model
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Tab. 2 Performance parameters and levels of heat

storage heat exchangers
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Tab. 3 Taguchi L,,(3*) experimental plan - standard
orthogonal array and corresponding S/N
A B C D ffRERCEy (EMRILS/N
1 18 1.5 1 35 0. 486 —6.267 27
2 18 2.5 0.5 40 0. 766 —2.31542
3 18 3.5 2 45 0. 585 —4. 656 88
4 13 1.5 0.5 45 0.878 —1.130 11
5 13 2.5 2 35 0.411 —7.723 16
6 13 3.5 1 40 0.543 —5..304 00
7 9 1.5 2 40 0. 506 —5.916 99
8 9 2.5 1 45 0.441 —7.111 23
9 9 3.5 0.5 35 0. 396 —8. 046 10
10 13 2.5 1 3 0. 408 —6. 125 46
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Tab.4 Taguchi response for storage efficiency in
energy storage tunnels
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1 —4.413 —4.438 —6.617 —7.456
2 —5. 486 —6.234 —3.831 —4.512
3 —7.025 —6.002 —6.099 —4.299
Delta 2.612 1.796 2.787 3. 156
HERk 3 4 2 1

3.8.2 4T ANOVA

FE %I L2 3 P bivis R BRI R IR
fEEAR T, 526 BERICR 19 45 S50k il -1 A
JE SEJ5RI(SS) 7 25 (MS) (F A8 P {8 A5k 1 45
Fb L Aoy 225301 5 s o

x5 SHAESW
Tab. 5 Analysis of variance(ANOVA)

W Al . - Tk
ZH ) S5 A T F{H P{E %/,
A 2 10.3608 6.26446 2978.52 0.013  20.79
B 2 6.4060 2.10030 998.62 0.022 12.85
C 2 13.7030 5.62266 2673.37 0.014 27.50
D 2 19.3698 9.68489 4604.81 0.010 38.86
w®E1 0.0021  0.002 10

A9 49.8416

M S T LI Y, PURR P 2800 PAE S /N T
0. 05, F W] & TARE T ik RERICR 5 45 2 B [l iy e Bk
HARZFRGTE o M T REE Fla & Pl R
giftmeRCRI bt a4 RN, DI (E

5 IR 22 ) I DT 3R  K, y 38. 86 U6, HIKGIE C
7 GE TR B L) B BTiikR , o 27,50 %0, A
K7 (AR R B ) i BTk %k 20,79 %, i B
T OB A T 30 R 50 19 o1 ik S8 A0 X B AIK L, AU
12.85 %

4 H5iE

$& AT SN ERE RE IR RGPl
EHRPGE R G, T W O R LR RGN
= PAEREDL AL I, IF v H T Stuttgart-Fasanenhof
REVRIRIE . HE T —ZERR I B & IR AS RGOS
T AR 3 aok R 37 R4 e 10 3 0 S S0 IR 1 ASE A AT
SEVEREAL b, o0 B B BRI TE 20 SRR FR A BT T
()88 AVRRPE S AR, 55T Minitab B8 SE 190 M
AR A R 3K T Ly (3D IEA RIS 3K, i o
MR LLFN Ty 220007 RIS I AR T S HEA & & 2
BOTIRAR . DFFTAE R Ty E R E Y M REPEAL S At
—H RS %, FEARWT

(DA RS BEEIA BT N, BE ) a6 TR
JEARW T, bk I FLA R s L & e, L RA R
B BERR T LA 25 T AR RE B o S X 25 PR
TE AR 280 T 00 & R RERE L, R 18 A 3
AP RGAEPGUREA T TG HA LIS &
ARG, HANTZE S IR FLHT I BOAS I 5 T A

(2) BT H ey vk, 19 B R il 2 ok -1
1 ALCEEARIIRERE 18 °C) , B (HIA A% 1.5
W-m™'-K™),C2 (Bl 5 E Rz N 1:2),D3
(B RGIHIR 2245 °C).

(3R T7 22 A 2R e TE il 35 PR s
ARG AR BT a4 D EH E b D B
(B A BRI 22 ) I TTRR 05K, Ry 38..86 0, HIIK
R C T (Bl G E I 1) 27. 50 76, A
HF (Bl Aa W AEERE ) 20. 79 %, BIHF(HA FIMA
$012.85 %,

{EE SImk A A -
ik B RIRRE BT ISR R
HA A SCH R B
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