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Simulation study on transient temperature field characteristics of HPGe detectors
simulated by the COMSOL method

QUE Ziang HAO Xiaoyong HE Gaokui LIU Yang ZHAO Jiangbin TIAN Huayang
(China Institute of Atomic Energy, Beijing 102413, China)

Abstract  [Background] High-purity Ge (HPGe) detectors are widely used in nuclear science, technology, and
national defense because of their excellent energy resolution capability, which enables them to fingerprint gamma
rays and accurately determine nuclide types and intensities. However, HPGe detectors typically need to be cooled to
low temperatures for normal operation to prevent excessive thermal noise at room temperature. [Purpose] This study
aims to investigate the heat transfer process and temperature distribution law inside a HPGe detector to ensure the
stable operation of the detector in a low-temperature environment. [Methods] Through the analysis of the heat
transfer mechanism of the high-purity germanium (HPGe) detector, the internal heat transfer structure and a three-
dimensional heat transfer model were constructed. COMSOL software was utilized to simulate the internal
temperature distribution of the HPGe detector under liquid nitrogen refrigeration, as well as to investigate the effects
of varying refrigeration times and packaging structures on this distribution. Based on these simulations, the packaging
structure of the HPGe detector was optimized. Additionally, a temperature testing platform for the detector was
constructed, and the simulation results were compared with experimental data to validate the model’ s accuracy.
[Results] The simulation results demonstrate that the detector model achieves dynamic equilibrium after 6 h of
cooling, with the minimum internal temperature at the tip of the cold finger approximately —175 °C. The utilization
of oxygen-free copper as the cold chain material, combined with a low heat leakage and high-strength support
material for the cold finger, enhances refrigeration efficiency. Additionally, the Dewar is designed with a sidewall

thickness of 1.5 mm, and the spacing between the sidewall and the crystal cylinder is set at 3 mm. These design
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features collectively facilitate the detector’ s attainment of a lower limiting refrigeration temperature. [Conclusions]
The modeling and temperature field simulation methods for HPGe detectors are validated through a consistency
comparison between simulated and experimental data. Theoretical support is obtained for the further optimization and
improvement of the design parameters of liquid nitrogen and electric cooling HPGe detectors.

Key words High-purity germanium detector, Heat transfer mechanism, Temperature distribution, Detector structure

15 28 (High-Purity Germanium, HPGe) R Jll #%
FEH IR N ARy ) i Y38 R I A
By L A 1) 77 SOR A H BRIR A S A R IR T
VE o IR AU B SR e 4 R 245 0% 12 S P[] P 74 20
2 TARRE, PRt 2R R R v, DA ) B 45 4 1L
T DAIE/INR DN 85 R P02 A 28 R B AR 450
THEHUA 7152 (Computational Fluid Dynamics, CFD)
& — PR B 7 B AR IS B)) R A% Bad R 1
AR AT DU 2 MR AR BB o E A% SR S R 28 A
SR, CFD A B R & oY) 45 # vt Al
A — i 2 TR, AT USRI | T (5 1A R 1
PRI E AT BT 280, AT SR LG S B 4 30 2 5
FEMEE.

A VR R 5 v 0 B R DN 2% 1K) N R LRI S A L
Br 7 BRI RS A A S EE, 2 COMSOL

Supporting Structure

Liquid

Multiphysics #7750 25 ) = R R, BgbL it
ST RN G AR R S IR S o A, I b 1
AN [EIERIN 5% P #8  LART 45 46y S BRHE 30T i BE 373 RO B2
Wi o oF vetn 2 R N 25 1 4 o R PO AL P AR P J
T SERG IR IR , 17 FLHCHE AN SE 6 BE i) — BRI E T
AR R LA B S5 IR B IR R T

1 SELEEERNER R AR

o R RN AR AR AL R A B 1 R,
LALHE VLR JLANTTIH 1D BT A 22 77 AR 1 S
GER ARSI T LT SRR 2 SR AR R 5 2D BRI
i PUIHLN B Py A 22 18] FR) I 22 38 B PR S e 7y 5 3D
RS B AL L P9 02 LRI, S B AR AR
AR

Vacuum Dewar Sidewall

Nitrogen/Cooler | Cold Fin, gcrgbﬁmi}:f[t

Crystal Encapsulated
Cylinder

~77K)

acuum
Dewar

111 I

Convective
ITeat Transfer

1 RGN &S P AR AL AR BR B

Fig.1 Schematic diagram of internal heat transfer principal of HPGe detector

{8 FL I A 3
@ = -)-A(dT/dx) (1)
XA A NFREAE,W-(mK) ' 4 NSFREH, m? T
NN TEE K x NEE ,m.
R PE IE 2
d=¢AocT 2
e NIRRT, HAE /N T 14 AR SR TH
F,m? s TNRNRE K o AP R 2E 205 5, HE N
5.67x10° W-(m>K*) s
X LA R R BRI 2 A A 4
®=hAAT (3)
A AT RE R R B W-(m* K) s 4 xR AL,
m; AT HEZE K.

ST i ARG TR 28 N B = e SR R Y, B
A EEIE A, Hp L S5 R
of 0 oT 0 oT 0 oT
pr = ax(i‘ax) + ay(}.yay) + g (AZE) (4)
Kb p N R, kgm™; ¢ M RHEE R
J-(kg'K) s TN BEE K s A A A PRI [F] 7 1)
(B G 280, W-(meK) ' 5 ¢ 9IHA] s

2 IRMSFAEEIAE

2.1 JUARBVR MR 5

A R IC7 F0 73 M 45 SRR 1 P PR 3R 4 20
P B AL PR S S B A R Sl

090401-2



T e AR RN R A TR I R P A BT T

LS R WS SR R R N L = M
5 (Al R o A AR DU 2% TR LA RS (R D A i
LY 3 23, /£ COMSOL Multiphysics % {4 H 2
L TRl 2R A TR B 1) = AR R SR AR 1
HL P Iea A 51 2 BB 22 SR S i T
AL TR o 7E A F5 T0 it GO A 1 0 A T00 g G i
RN E - HIATE T PT100 5 AL BES AT 4 1
P2 (SR P AR AR LA G P 2 BT

N R A BR T 0 BT B R 5 RN e S B AR R
T, AR W E 3 Fis . N T e il B R R

F=1 RNFILARST
Table 1 Detector geometry

B4 S JGF R
Name Dimension / mm
EaPREL 4% Crystal diameter 58
iR K Crystal length 60
fm AR FLIE Crystal hole depth 45
i fL4% Crystal hole diameter 10
A A e R 64
Outer diameter of crystal package cylinder
s A 2R fR A 60
Inner diameter of crystal package cylinder
1 FLJf /M4 Dewar's outer diameter 40
FEFLIf 51 B Dewar's height 153
A48 Cold finger length 750

(a) ®)

FEE S A K /N A e 3B 4T T X RS SRR A 9
HHAT T 5 FhAS [F R/ B X R 43 5 B P A 255 1)
I, 50 0 504y W) 183 355,82 51346 316433 129,
28 137 /™, w /N o8 K/ 48 58 4 mm. 6 mm.
8 mm- 10 mm- 12 mm, /) A% B G/ TR o B
K BT, (H SRR . AL T e Al TR 2
AT T il AR A R, B 45 AR, B/ N TR
/N9 8 mm IR AR R 5 4 mm AR B, IR AU 22
0.4 °C, 1f7 12 mm K/ 1 RS AR 2 5 4 mm f ) A% 755
U LR AR R, M 2 1.7 °Co G35 % [ 3N
PRI T H SRS BE AT E SRR, MO FE T 8 mm [
[INES

22 WEFHRAFEN

H v 4 A PRI B8 ) 46 R B (R T) =0 1) DA JZ 4
FEIRETIRE B N 20 °C, AR R HE & SONTE 58 I
BALE-196 °C(77 K)o R F8 AL T P 58 & S 7K
BB N107 Pa, AR B E RN 20, BE AN T
B, B 5% A AR AN ] R 46 1) 7% 82 I
BN INIAAN RS S S s i i HE S
Jl T, BT CAPR I 35 25 AL BL A1 BE 5 40 SR 85 1] s
SRR GE R Al S AR AR PG, B RER
258 358 2 Ak B PR %2 T 6 4 S e B P TR 1385 o
AT B 1 VA B VA TR SR RN B JEC A 1) 2 TR S
F01290.15.0.2.0.8.0.1, A FLMNEE A K 5 F R 0,
ST EEN 1, RIANZE RS 5 R I A e 0

Temperature
Measurement Point 2

Crystal Encapsulated
&= Cylinder

Top of Cold Finger
(Temperature
Measurement Point 1)
Cold Finger

Support Structure

B2 2RI 2 N LT R R (a) AR R II 2R 52, (b) CAD R YA, () COMSOL 45 ]
Fig.2 Modeling of the internal geometry structure of HPGe detectors (a) Physical image of HPGe detectors, (b) CAD model
diagram, (¢) COMSOL modeling diagram
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