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Research on temperature field in the vapor cell
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Abstract; In order to study the influences of the heating mechanism on the vapor cell of the nuclear magnetic
resonance gyroscope( NMRG) , several different heating methods are designed to heat the vapor cell. The finite
element analysis software ANSYS is used to establish a temperature field model of the vapor cell, afterwards
the model is simplified and finally the steady-state temperature field of the surface is given. Meanwhile, a tem-
perature measurement circuit with the precision of 0. 01 “C is made to detect the temperature of different places
on the surface of the vapor cell, thus getting the changes of the surface temperature of different methods. The
experimental results are compared with the simulation results, and the calculation error turns out to be less
than 5% , which verifies the validity of the temperature model. Based on both of the experimental and simula-
tion results, and after comparison of temperature field of the vapor cell surface through different heating meth-
ods, the best heating method is given, which can makes the most uniform temperature field of the vapor cell
surface.
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Fig.1 Schematic of the heating mechanism in NMRG
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Fig.2 Finite element model of the heating mechanism

in NMRG
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Tab.1 Thermal parameters of 4 different materials

FHEE AER(W/m - K)
RN 0.25

=tk 0.71

pyrex 1.2

AR 0.02
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Tab.2 Heat production rate of a single heating

film under different heating methods

T Jn#g R BRI x 107/
ik Wi/ A 2/W (W-m™)

1 1.20 33.12 4.48

2 0.85 16.61 2.24

3 0.60 8.31 1.12

4 0.60 8.31 1.12

5 0.49 5.52 0.75
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Fig.3  Temperature field of the surface of atom vapor

cell under heating method 1
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Fig.4 Temperature field of the surface of atom vapor

cell under heating method 2
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Fig.5 Temperature field of the surface of atom vapor

cell under heating method 3
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Fig.6  Temperature field of the surface of atom vapor

cell under heating method 4
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Fig.7 Temperature field of the surface of atom vapor

cell under heating method 5
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Fig.8 Position of temperature detecting point
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Tab.3 Simulation and experimental results of every detecting points under different heating methods

JIE- Sy 1 2 3 4 5

T 5 1/C 5B 156.13 114.16 117.07 114. 40 114.17
SCEH 158.36 116. 02 121.38 117.78 110. 44

TR 5 2/C 5B 123.59 115.89 115.46 115.26 112.41
SEEE 130. 10 115.42 119.71 120. 04 107.56

TR 3/C 15 B 98.39 114.54 120.23 123.18 121.00
SIS 102.63 111.80 125.58 129.11 115.54

B RAXT IR 22/ % 5.00 2.45 4.26 4.59 4.73
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Tab.4 Surface temperature of atom vapor cell

under different heating methods ( Unit:/°C)

A ReRE BAURIE RORiRE
1 164.26 92.57 71.69
2 132.11 111.92 20.19
3 127.18 113.38 13.80
4 136.25 113.66 22.59
5 126.88 112.26 14.62

i 4 AT LA B, BTy 23 30 1 i
AR S P fe e, FeuOE gk gy 58S i
AT 22 A4 XS R I S PR S IRy
21 XN Y3 SV 2%

I 201 iR AN B X BR P,
1575 A1 4 77 3 AR A0 e X AR e, DRt 7
A1 RS o0 Ai B 2 M e 22 R IR TR
H A T — A BB B AR AR R .
#O7 2 AR BAR R R RICE 2t T R AT
PIASINER T, X537 5 R i S Ak 1 TR
JER SV E

S 3k

FHEANHTTA 3 4.5, T AEMEES
S E ARG PE S RIPHR AL R, T4
IR B RLE RSB, PR X 3 Fh 5 30T A P08 5
RN AERS AT o] bR R R A 5 58 B A0 i I
PG S RO, AR AL 1) 45 # mT A B, 78
BT J& e A 4 A5 1A X AR RON R FRAY  H
JefE b NP L i TR R
JRE LA i () P 0 3R TR 2 T 4 S
(RS [ R T3 A 4 AR T A 1 AR S 8] A —
B, S R A B A 3 BN A 3 AN T i L A
He T AmE . PRk, (AR U5 e Ak
Fri977 504 AR T AU AT R iR oR /977 52
FHBA BRI R S0 RIAREAY , T Ao B4
773K S AL T RERTAT S 22 A 1975 3K
3WEA E R S Jral3 TRV
SF AL SRR 3 AN B TN R4 Y
v, PR 0y 2R 1 R U E R R Y
SRR R e

6 % #

AAE MM it T 5 MR ATy
A AT A, IS T AL A
BROCGAR Y, W R A BE AT T 5 L, 19 81 1T A
INT7 A R R AR 0 A o TR A
FEVF R ELRIISON itk LB, 0 00 Sl L 8 A T 00 4, 7%
I3t B S (A7 FAE ) 45 J3E H A v, AR X R
ZEME 5% Z N, Bk 1 05 HAR R IE PR £
D RSB R L 173X S R AR 1<
F R S 22 5, 45 8 T B0 I ApL
ey PR B 3 ST PR R AR Ay 2o ARSIy
5 NEE RO R ARG IR P I AEABLAL (1 - S5 00
RRAL T RIFIIZS%E

(1] xlged, 24, 254 BUBBILIRFEIR U SR KR REH[T]. FAtS 44),2014,13(4) :1-6.
LIU Y SH,WANG W,WANG X F. Key technology and development tendency of micro nuclear magnetic resonance gyro-
scopel J]. Navigation and Control ,2014,13(4) :1-6. (in Chinese)

(2] AA.Ewk, R, . BRIRIGEAE AT, $A0% 65 5, 2014,1(2) :64-69.
QIN J,WANG SH L,GAO F Z,et al. . Advances in nuclear magnetic resonance gyroscope[ J|. Navigation Positioning &

Timing ,2014,1(2) :64-69. (in Chinese)

(3] R, SR 2. ESMERIIRFEIBREOR L FIBETELT ] A F#8R,2015(4) :59.



55 6 by 8,5 HHRIEIR T R T UE R E RO 677

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

ZHOU P,LI Y L. Patent information research on the nuclear magnetic resonance gyroscope technology( J|. Tactical Mis-
sile Technology,2015(4) :5-9. (iin Chinese)
AL, G, IR g . BT PRI PR RSB BT FL L) ] 4k & ,2014,35(2) :197-200.
ZHANG Y Q,ZENG H,MOU B F,et al. . Simulation of temperature transient effects in FOG fiber coil[ J]. Semiconductor
Optoelectronics ,2014 ,35(2) :197-200. (in Chinese)
W#, 49 LLTBEIRAR R MR IR ZZ AR B R IE OIS [T ] AL 5 4241 ,2014,13 (1) :33-38.
CHEN J,DONG J. Research about nonlinear error of fiber optic gyroscope under different temperature[ J |. Navigation and
Control ,2014,13( 1) :33-38. (in Chinese)
TraR R, A AR, F. ILEHEOCREIRIR A A ROTEH 59288 [T ] o5 452 £42,2010,18(4) :913-920.
YU X D,ZHANG P F,TANG J X,et al.. Finite element analysis and experiments of temperature fields of mechanically
dithered ring laser gyroscopes[ J]. Opt. Precision Eng. ,2010,18(4) :913-920. (in Chinese)
B A R IR ZE X0 PR 2 i il B A MERE B B S AT [T ] 3 55 e w3 K ,2014,12(2) :98-100.
YANG H Z. Effect of temperature error on the temperature compensation accuracy of RLG's bias[ J]. Optics & Optoelec-
tronic Technology,2014,12(2) :98-100. (in Chinese)
WYLLIE IV R. The development of a multichannel atomic magnetometer array for fetal magnetocardiography[ D]. Wiscon-
sin ; University of Wisconsin-Madison,2012.
BULATOWICZ M,LARSEN M. Compact atomic magnetometer for global navigation[ C]. 2012 IEEE on Position Location
and Nabigation Symposium,IEEE,2012.1088-1093.
ek, 25,5 & TR IAME ST RROCIN GRS IR AT ] 2 R &5 A= 7 5 ,2015,36(8) :844-
854.
XU G Y,WANG J B,HAN ZH. Study on the transient temperature field based on the fractional heat conduction equation
for laser heating[ J]. Applied Mathematics and Mechanics ,2015,36(8) :844-854. (in Chinese)
R, RHE, 276, USRI Cz it ARG B[ )], T A2 4 4 22 53R ,2015(6) :1325-1328.
PENG L,MAO N,WANG F,et al.. Numerical simulation of thermocapillary convection in czochralski configuration with
bidirectional temperature gradients[ J]. J. Engineering Thermophysics,2015(6) :1325-1328. (in Chinese)
FAK, AR, AR SERN SR [T ], 402 5 5 ,2003,23 (1) :9-12.
LI W B,XIONG Y H. Foundational experiments of thermal radiation[ J]. Physical Experiment,2003,23(1):9-12. (in
Chinese)
XA TR e OCETFEIRAL RIS KT [T 4o oh B ok 1422015 ,44(12) :3750-3754.
LIU Y,FAN Y Q,XU J T. Thermal design and analysis for fiber optic gyroscope combination[ J]. Infrared and Laser En-
gineering ,2015 ,44(12) :3750-3754. (in Chinese)
XEF BB &, FF,F B BOCREIRIE BRI [T ], A 4 K5 24k AP ER, 2003 ,43(2) :180-183.
WU G Y,GU Q T,ZHENG X, et al.. Thermal model of ring laser gyro[ J]. J Tsinghua Univ(Sci & Tech) ,2003,43
(2) :180-183. (iin Chinese)
P4, 1 e A CF [ ML e m S EUE kL, 2006.
YANG SH M,TAO W Q. Heat Transfer[ M]. Beijing: Advanced Educational Press,2006. (in Chinese)

oy #(1992—) 5 L ER N, i+ EZE(1982—), B I Kl A,
BFF A 2014 45 T EBTRHE o % ta .;j LI, 2003 4F 5 Aok 2 1
i, TN OGS e T AR T U Y e 2010 EFEPEHE KM

IF9Y o E-mail; maxborn@ 163. com

com

i i F 5%, E-mail: 1091184065 @ qq. ‘ S TN EOE 5 % T R T




