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ABSTRACT

Among the physical variables regarding thermal conditions and heat stress, the determination
of mean radiant temperature is a classic problem in the thermal environmental field. This
study deals with the methods of calculating mean radiant temperature using surface
temperatures and angle factors. Two measurement methods using contact thermometer (CT
method) and infrared thermographic camera (IR method) have been applied for measuring
indoor surface temperatures. The measurement has shown that the difference in surface
temperature of the blinds measured by two methods have increased with a high difference of
about 5°C. The result of the study reports that it is indecated that the method using a infrared
thermographic camera is suitable in order to accurately derive the mean radiant temperature.
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Ruiz et al., 2016; Zampetti et al., 2018, Lee et al., 2019a). 4158 S0 A= 5L ZAH HH
25 AW 5 Bl AXE Tt 578 RS A 8oto] Bk EARR S &SI ISO
77262] Annex FollAl= HH- 5 o] =410 915t | g2 2= @ - AlA|(contact thermometer,
CT)e}F A e\ ol =% (infrared thermographic camera, IR camera)= A|A|2F}. Annex
Fof| k2 v 1H.2 - o] =719 A (angle factor) @] AR o] 85t0] HalEAL
255 TSR] 247 At IR R /A= B TR ks 7 T1eE
2 e AL S w6 S WAoo e Bk Zo] £asit
2 As BHEARE S U F, A5 25AA 9 debd 7S o8t =
o] tiol =2lgtet. o5 ffall, shet AUl S1toll A F 712 578 WiRel wet 2k
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= =
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Figure 1. Two different methods for measuring indoor surface temperature
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Figure 2. Plan of the experimental set. (a) shows plan of the target classroom with measurement
locations A-C. (b) and (c) shows examples of installation spots for CT method
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CT methodi= H54] 21K} 39 Alo]o] @ o] Ao} 71 $173
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Table 19 A|A]H Hﬂ F‘lﬁ}‘;&t}.

Table 1. Specification of thermal environment measurement divices

Method Measuring devices Specifications
Operating temperatures 0°C t0+50°C
CT method K typlthemocouples -200C to +1372°C
ccuracy L1 (>~ 100C)
+27C (<-1007)
IR camera Meas. range 20C to+30C
(FLIR A310) Accuracy +2%
Field of view 45° * 33.8°
Emissivity range 0.01 to 1.00
IR method IR resolution 321 * 240 pixels
Thermometer Meas. range -19.9C to +60°C
(THD-W1-T) Accuracy +1C
Hygrometer Meas. range 0% to 99.9%
(THD-WI-T) Accuracy +2%
2 23

i 7ol o] A -2 F 9o o2 HA I uIE, 5, A, 5O AEH,
2|21 370 JeF EelRlE B 0 &2 FESIeIrt 2 ZF o diste] CT 2 IR method
= SAott. d3H 71|2h= IR scanning method & 2-8-510,

Aozl AE H AR S AR Tof theh HEEA Q] W% S o] 755l oF Tt
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(Lee et al., 2019b). IR scanning system-= 39, %], v} 5 Gl-2 Hoj| tjso] ti=0] 2
Hlo]elE AEsh= 10 2 P2 S7o] 7155tk (See Figure 3).

Figure 3. Example of the measuring average surface temperature: The sub-areas of the whole
northern surface (a) and the measured average surface temperature (b). The average temperature
of the large sized surface has been measured by combining several infrared thermal images

57 A1 B S 2R A0 FH-R L= T 7] S oA Bt S 7t
2= 71 0 2 ERGTHSee Figure 4, right). 134 521 =2] 742 CT method & THL2E
=X

=7 %1 IR method X} % AlZtto]| B =2 3k 7HA= A 0= LEP T See Figure
4, left). 1o 3L0] ti= F WH O] HALE 27 Fho] AR AR (124] 24+ LrEhdc
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Figure 4. Measured surface temperatures from CT and IR methods
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Figure 5. Hourly surface temperatures and histograms
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4°C). 2o 2 91e] S B, t AZFe] 79-24~28°C Alo]9] Rzt A4 §lke
O] 12%%E HHokl Qe R, 11 9)9] 9oz MAA o2 LR 7t A7) ok Rk
2ol Kk &, Alzto] Aol whet 24| Alg 91| BlE47t GARHA]7] wiell CT
method ] 217 2% gfo] 24| o] L%E Fhath Hoj A= A7 LT

Table 2 & Figure 6= B-EAR T T&2 9J510] 37]) 2|4l tigt FAAIGS Akl 2
1} 31 CT % IR method®]l T2 Br-EARR T g2 UEPlnh A= ASl= AJElE 7Hdst
of QA FAHFE] XE HIFoRHE Fo] Im= AASINoH, AT 741*
Eriksson (1990)°] A|AI?F A Zk(solid angle) AXFEIRE-E 285t THSee Table 2). Ht-
ARZE O] T E A}, SRRIT 7PhE 4 F W Bkt FEBR 2k M Hlrh 734
202 CT ¥ IR methodol] T2 EHLE 7ol Zfo|= 37]) 2| A4 9] BH-EALL L Flo]

T G AR 3t e ERRIER 7k A Ao R SR
ol whE Ht-EARR I gholl Ao l7 S &4 AT A1 AclA A S=el= w
AT gkel 0.15 miRteleks Zhe AEfsigie W, Al Ed 5o W2 ol Slesolre
o 2 Aot E o= Sle o= .

Table 2. Calculated angle factors at the target locations

Indoor surfaces Location A Location B Location C
Wall East 0.021 0.024 0.020
Wall West 0.020 0.022 0.020
Wall North 0.052 0.099 0.286

Wall South 0.142 0.057 0.031
Ceiling 0.278 0.345 0.278
Floor 0.343 0.407 0.343
Blind 1 0.002 0.004 0.004
Blind 2 0.022 0.016 0.008
Blind 3 0.120 0.026 0.010
28
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Figure 6. MRT values derived by CT and IR methods
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