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Design and Implementation of Refrigeration System for 1.2 m Diameter
Low Temperature Extended Area Blackbody

LI Zhun, LI Qiang, HAO Xiaopeng, XIE Chengyu
(National Institute of Metrology, Beijing 102200, China)

Abstract: To meet the demand of radiation calibration for large diameter infrared measurement equipment, a low tem-
perature point source blackbody system which diameter is 1.2 m is developed. The system consists of refrigeration unit
and radiator two parts. Through the thermal load calculation to cool and heat system, cold and heat required is determined.
At the same time, the temperature control system to ensure temperature uniformity are introduced. In order to test the tem-
perature stability and uniformity of the system, a test device is built. The experimental results show that the temperature
stability of the system reaches £0.20 K, temperature uniformity reaches +0.60 K, which can meet the design and practical
requirements.
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Fig. 1 Schematic diagram of non-point source in black body
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Fig. 2 Refrigeration system and work process

SR FH R T A5 68 K 28 G 4 S AR PN PR TR
BEAT I, DL G4 3 28 0 O o i P S B
XA S AR A R G A I

2 REABREFRRERERS

2.1 KB E IR ZAR R G AT

e R R R GE R AT, DU X BT Y
VA B AR DL BRI G o AR ST A
AT o o A AT PR 4 S U 5 41 B B 5 A 3058
e, 7050 G IR AT T R T PR A it L DA e iR
KR o AR B O T A A T B o Bk S . B

PRI R
(1) Pl i
a. SAAERIEM I T 2 A 0N -
Qi = My (L ~ lo) = PigVigein Bl (1)

K p R B kg/m®s Vo o BRAKER AR
B, m’s e A RARERSERT LU, )/ (kg KD 514 R AR
BRI AL | K g R PR PRI P R BE L K5 A R
FRRIE AT 25, K



342 LA S50

527 &5 4 4]

M FrAF 3 i Q o 2.23 kW,
b. XA A SV
Quin = hawA ,, (L = Lowre) (2)
K s h gy FARRTE R BT HL25 W/ (m* - K) A 0 N
XIS AATET R, m? 52 g ARSI IRL BE , K 5 1050 M
XA R IR K
M TR 1 Q 4y M 0.57 kW,
c. AR AR AT Z AR 1R
Quusy = £0Ayy (T7 = T7) (3)
KA EW1; o Sy B i — 3% H- 2% 2 8, B 5,67
10 W/(m* = K*) 3 A g0 A R ST, m?; T o0 3034
A S TR LB, K T, R e R 5 R 5 TR B L K
M Fr R Q 4o 0.12 kW,
. I P I B R T R R
Quy = mygcy (L = Loy) = Py Vi Ay (4)
K ey A BB kg/m?s Vo il A R AR
m’ 5 ¢ MM BT LA, 1/ (kg KD 52 A T AT 5T 5 3
HIREE L K5 20, A T B RREIRLIS TRLEE K At o R
HE 22, K
WA 0, 0.53 kW, I,
Q' = Qg + Qg + Qg + Oy (5)
Tt B B N Q. =3.45 kW,
e SN P ol 87 - M Sl e K S
iz TG S A5 G I BIGEE , TATZ A0 2k — i o7 BTl 2
119 309%~50% , Bt , S ORAIE IV 20l A2 S PR oK,
HoAbF R B K Z2%00.5, B0 Q",,, 7 5.18 kW,
(2) TR
[FIEE, AT DATHAA Y SRR B v T RRERIRLEE 323 K,
FRYEAE 90 min N 58 LT AR A B AT AT
a. AR M FHR T A 0,,=2.23 kW,
b. XA ZE AR Q 4 =1.41 kW,
c. FRSTHAATE LR Q 4,=0.41 kW,
d. FERAE P B R T 2R AL Q,=0.87 kW,
B Q=492 kW,
[RIRER TR EL 0.5, MBI Q' =738 kW,
T8 TR R G R O S, AT SRR
T FHPE T % T SR F R A R 4R L
22 MZBRERAEERA
2 T P R 4 2R 46 B A I s R AR
(1) I P 45 ) 22 e hi R il B B R SR R 452
TR s i 28 PR S R B PLC W g AR 4
IR IR AL IR IS RGE RN R G055 63
Y. MR R G TAER, R AL ARG I e VR

FEAR N0 (0 R , A% SR8 1) i 1 15 5 Bk A B IRAY
B IRACGRARYE 5 5 (E 0 2206, Ji B AT R
[, PLC ¥ g8 S BB B A5 5 K e iR s 5 3
SEVE A MY T AT FL A . AR LB R S5 5, IR A
Vo ZR G 1 1t 1 DR /I DT A 78 i I A A 5 I
XFEETE LT A R G, JAh, Ml i 7 Bt n]
F 7% T LA PR 8 ) 38 R R PR AR SRS YRR DR X A
R VEAT W45 . PLC 92 il #% >K ] Panasonic AF-
PX-C38AT Fll AFPX-COM4 il iH A B | iZ 45 1 R 5%
HA73001 LA E EARTEA 0.58 ps/2b AkHL 25+
RS AU, AL 2R R

SR FH PL100 B 2 40 e BT T R T AR TR
SI1Z A PULR I, HER RN A G TR AL ERAS PR
AR RERT T i3, HA e A R sh

P IR AN 22 % FH SHIMAX UP93 2 fE 0.1 2% 96 B
AR IR T A%, JCHRNLE B EE PID 337, 8 A PID =
HOR BRI, 118 PVAEAME AT B, F/A D)
o SRAESEIAS0 ms. PR B TR VR

(2) RG A

RO LR B 5 1 5 o0 A I k5
RBE PATHL oI ik TAE . 25, i i il s o
WA RS TR AR R RS
2 [ 8l LS A RS, 42 BRI B o TR S 1Y
D7 AT IR EE P . RS A P A AR A & 3 B, B
PO IR I 3% 22<40.005 K BUREL, E FKnTEit
it 2 A H I B (B 56 > +0.005 K AYTREL

RGIEH TAERE, 20250 52 B 115800 B I
(PV) 5 AR BARE(SV) Z 22 (PV=-SV) .

M PV-SV<-3 KB, PRE MG IS 30, i PLC
P, AR HLICHL, ¥ S5 AR R 051 JE 25 -3 K<
PV-SV<-2 K}, {5 1L P Ik

M PY-SV>-2 K&}, fin# a8 43 O, 1% &
100% i A, 6 & 518 -3 K<PV-SV<-2 K i, ¥4t
HLE I, BV A 5 RGEHEA PID 9IRS

3 RIBEEEREERMKEEHSERIEREE

T X8 ) R AV L T O SR R Y PR R
PR BRAATRLE Y50, A I AR AL D TSR T 22300
Tt . 7RI 7 T, SR SHIMAX UP93 & e ]
SRR A R S PR PR, i TR AR AL,
IR AL F AR T B0 e g AN, R R £
AV 2 TR R PRI PR A TR B (R X S0 o AR IR
FRIEI AN 4 i 8B AR IR P AN TR 170 YL 50
36 5 UPO3 ] 4 AR VA 15 &, A T 2l i IR
VERE IR AL T U, Dk PID 4 i iyt R R s il



ZFOMESE RSN 1.2 m DRI IR R A P R GBS S 343

TN PRI BEHEA T o TR AR A A i 4 XA 2 HOHE AT TR AL LUK BRI S EOR

R

[ i |
!
| ot i |

K3 RGEHIR A

Fig. 3 Flow chart of system control
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Fig.4 Flow chart of temperature control
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Fig. 5 Schematic diag ram of heating area division
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Tab.1 Temperature stability measurement results of 1.2 m diameter low temperature extended area blackbody

IR /K 263 273 283 293 303 313 323 333 343 353

1R 265.83 276.53 286.20 295.84  306.48  316.23 325.74 336.06 342.07  351.72

2 265.81 276.52 286.16 295.85  306.34  316.20 325.81 336.08 342.05  351.72

H3W 265.73 276.52 286.13 29590 30636  316.12 325.73 336.08 342.14  351.67

AW 265.80 276.53 260.10 295.87 30637  316.24 325.73 336.10 342.12  351.67

i SR 265.74 276.49 286.16 295.85  306.39  316.20 325.81 336.14 342.01 351.71

i oW 265.82 276.49 286.15 295.88 30634  316.21 325.84 336.11 342.07  351.66

- T 265.79 276.46 260.10 29595 306.30  316.19 325.82 336.09 342.08  351.84

z %8Ik 265.79 276.48 286.15 29595  306.31 316.14 325.82 336.06 342.14  351.85

FOW 265.71 276.46 286.11 29598  306.31 316.17 325.80 336.06 342.05  351.79

10K 265.79 276.48 286.15 295.99  306.31 316.17 325.79 336.07 342.12  351.81

W= 0.12 0.070 0.100 0.150 0.080 0.120 0.110 0.080 0.090 0.190

bR 2= 0.04 0.028 0.032 0.057 0.029 0.038 0.036 0.026 0.036 0.073

T W22 N [ — I T, R R e/ MR 2 2%

42 IR EIIE [l B AR 2L OIS, ANl 6 Iz o X TaTRRAAS

o AR S VSR R 43 ) R R M 263 K273 K,
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Tab.2 Temperature uniformity measurement results of 1.2 m diameter low temperature extended area blackbody

PR /K 263 273 283 293 303 313 323 333 343 353
A1 266.14 276.47 286.22 296.15 30630  316.74 326.23 336.43 34253 35241
A2 266.26 276.35 286.14 296.06 306.58  316.62 326.20 336.44 342772 352.53
b= 53 265.97 276.53 286.20 296.84 30637  316.23 325.81 336.06 342.07  351.81
i e 4 266.37 276.50 286.06 295.72 307.00  316.20 325.74 335.83 342.15  351.93
- s 26592 27640 28599 29552 30596 31594 32529 33541 341.81 35144
W56 266.46 276.85 286.40 295.98 306.60  316.60 326.10 336.45 34222 351.96
ht 257 266.03 276.46 286.03 295.70 306.15  316.05 325.48 335.65 341.83  351.55
i g8 266.41 276.52 286.14 296.14 306.69  316.63 326.28 336.49 342.63 35251
A9 266.10 276.32 286.02 295.72 306.19  316.05 325.63 335.87 342.11 351.89

Hetk 0.49 0.53 0.41 0.63 0.73 0.80 0.99 1.08 0.91 1.09
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Distribution of temperature measuring points

Fig. 6

on radiator
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