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Comparison of Evaluation Results of Different Thermal
Comfort Indexes in Underground Mine Environment
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Abstract; There are many indexes for evaluating human thermal comfort in buildings and atmospheric
environments, but there is no index for workers engaged in heavy physical labor in harsh underground mine
environments | In order to explore the feasibility of using the thermal comfort index for construction or atmospheric
environment for underground mine workers, five types of thermal comfort evaluation indexes commonly used in
buildings or atmospheric environments are selected to evaluate and analyze for workers engaged in heavy physical
labor of a typical mine underground environment. The comparative analysis finds that under the same
environmental conditions, the activity intensity has a greater impact on the human body’s thermal comfort, and
the wind speed and relative humidity have few influence. The evaluation results of the indices in the temperature
range of the mine “s underground environment are “comfortable”. However, the evaluation results of the
temperature range of being “hot” and above thermal comfort are quite different; especially the PMV and NET
index with few classification, the thermal comfort level of the mine environment with higher temperature and
humidity will not be accurately evaluated. It is considered that the existing thermal comfort evaluation index for
construction or meteorological environment cannot accurately evaluate the thermal comfort state of workers in

underground environments. It is necessary to study the establishment of thermal comfort evaluation index and
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grading standards suitable for high—intensity laborers in mine underground environment.
Keywords: thermal comfort index; mine underground environment; human thermal sensation

evaluation; comparison

PARTEAGTT, M 20 2RI F E 41 100 Z4Ed BT 160 ZREFEREIEMIE 8", Z T Rk
BESUR NFRBEHE L. T OC T8 LI T 3R EE T EF IE IF STt 2 0 7 R T AR (B2 B R sk &
N R AP IR TP S8 BE S FR B EAT I . A0 1916 4R35 (R i Ll 2548 i & B2, 0% FH T 2135 o
EAPRR B R 2 [ R [ S R R A BT SEAG L T EREE, 0 ET 7 5 5 X AR T
(R SEIRD , 1 5 5L N FR B A . 36 [ A ) 5 02 B 2 0 0 1) L T 22 4 T/ A R ( MSHA ) Hi 2%
I WBGT A g A7 S5 %0 AR E AT WBGT IS8 A 1 2L B R RE R 3B S BB T R BR3E.
SO AR R TR A XA BT T T ER SR 55 Sl R R AR PRSI A, A T R
™ N B2 B A AL AR L 00 B e 2O 78 N DB B0 rP R LR SR E I, 00T 17 MR B A A B
PR RIS F RIS F A B TR O 7 B T R B K 3R
SEE PSR T PMV {H, IR0 T JF T $0EFE KB 1 s 2 e w40 e s st F
Fluent FPEEDL T 4 52 25 IR H# 0 o [0SR TAR 128, 153 7 3 3 R 3 . PMV Hl PPD 43 (&1, % 34
GPIE LR TIRAY

IR T AEREE B AR IETIE 1223, 2T PMV S5 5URTF (9, HA AR & 18 Ko 22 1 b
T, 2 27 O A BT TS AR vl TR 4 50, % M T BRBE 1 AT 18 R BE HEAT VRN, T %
BIGBOAPEN S R 22 5, T A2 N Z X1 5O STk, 4S5 B LR BRBAET 18 PR B 7 sl
Rt %.

1 M definks

1w OGP IE BEFE BN  TE XSS RO P A5 512 B 9 £ 24 ET, WBGT, THI, PMV, UTCLET
SR AL TP 05 9B A B A 2 B AT S M BRI B , DR Ry i RS IR K, 2 S5 A 2 2
HEAT T i A Vernon Il Warner' ! FH BB ER IR BE £C 8T BRIELEC4R 1) CET; Missenard "™ $ Hi ) NET; Gagge
SEVOT G R R R SR G BT R B2 AR A SR T SR IR BB R H A SETH7 WBGT 23343
T2 SR X N FR AT 4 N2 B 10, [ | b S A [ R AL RN, B T SR L
A Z 1R IR FR B A8 b. (0 WBGT BEA5 2% 18 55 53 5 IR 25 PR 28 (s , 700G O 0 726 Y B 05 Al 22
FEXFR A, of IR ) 2% S A i ™ THI FU 38 T TR R 26, ok 2 IR VA ) O S, 124 SO
T2 R (E IR T 2 [ 5 0 B S AER D5 T G BF 5. PMV 2 Fanger! ™ 414 1 396 4
AR PR B A AR ), O 1 T N B DR 2 IR R A R B R A MR BRI
W, 2 1 R e 08 1 28 P9 AER B BE80 ,  [] BAofis SO 7730, ASHRAE SR44. PMV I [i] T A A 44
Hp” B T AR R A R A PR, 3 TR XU P SR 2 N s SRR B BT SE M TR, L
IR NN LA B2 0T 335 I 114 1 Tk 3 T YR A (e T 2 VR Y L T BB MR B B b M 73S
S B T AT 026 50 I R L P AN S AR B A, 0 3 ) M 22 5 (LS , B 56 T 3R B ] A fk
PEFIE RIS 2T PMV $5 502 IT.2002 AR BHE T 730 5478 LA Fiala 41 H ) 2525 5 8570y K fitl
gy T UTCIY UTCI #5750 % e 4N s 4, 3 B8 T AR S5 3 00, iR T 4 B S iy i) 45
AR

B I T IREEES KRR R (—BEAE 80% ~ 100% ) , R A7 AE K AR ST, 3 B TAR I 25 16 B R A
FX R SE P TR BE 5 TS5 S BT R, TP A 5 36 oM AR AR, TR I LR, T 50 I A B R
6. L T RE I 2 BR80T T RS B S 3 RO AP BB B B T T ABAET IS MR 1 22
SEAFEIRZE I 3 (EUR 76 B TFSE B XA 1L R BR8N IE MM 7 6 S8 B o F , Rl



16 Wk TAEFST 2019 4% 34 %

PR RO I T AEFE P A T A TR A — s 1 SR
BT UG, A5G0 I T BB IR ST R B0 s i, %8 b e THI, NET, SET, PMV 71
UTCL 5 AMEEOS O LT BR8N HEAT BAET 385 5 Al i1
®1 BERNTEEREHSE

Fl -
* s

T
s

WCI
WCT
NWCT
WEI
WBGT
ESI
MDI
P4SR
HSI
DI/THI

W R

TR

< < L[

AU R #L

< <

Humidex
HI
ET

e 2 e 2l e |t

<L

ET*
SET
OUT-SET
CET vV
BT HR L NET
PMV vV
L Fanger #6738 1 PMV-Outdoors
J7 T N LR B AT PT
I PR PR R AL PET
UTCI

< <<
< <<

AL R S5

<

<

<L L LKL
<L

<L <L

1.1 RIEHEE THI

THI FEEUAT IR AR AN 2 S OXGEE N % AR 100% ) I8 bR PR , BEA 5 8K FH A S iy 3 1 A
L, A5 BRI R AR RE 2 A PR Z B AR AR R (FABH 0.6 ) A AAET 38 1 (4 5 W) L o3 SRbm v L3k 2. 9158
W)

THI=1¢,-0.55(1-0.01RH) (¢,~14.5). (1)
U RH JGERIRHRIE, % 50, 2T ERIREZ,C.
1.2 SBRRE NET

NET & et LA (i A2 U OXGE 9 2, FEXHRE 100% ) BRI o bR fERR 5, [F] I 25 8 1 BRI |
R R SRS Xk 25 B v R (AL 0.6) A MAHAET S PR OB, I3 bafis I3 3. 314k

37 -1

NET = 37 - —— = 0.29¢(1 - 0.01RH) . (2)
0.68 — 0.001 4RH + 1/(1.76 + 1.4 "7

e NIREGIRIL , °C 50 K, m/s,
1.3 BRAMSIEEH UTCI

UTCT 8B 5 FE R HE S 5 058 T (R BE I 45 TR AHIRE, v=0.5 m/s, RH=50%) , Jl{i4F 55 1 U
4 km/h AR BTFREASAE M=2.3 met 175E (1met=58.2 W/m®) , /K Z&S 53 J1 <20 hPa) RERE AN A5 155K
PRERIFE F AR ] A 2 S B8 UL A 436 2219 R R IR A Y 2 SRR A0, 229 JRE L AU 45 340 S5




43 4 WRoy , A5 AN R EAES I8 S5 BC7EH T BRE P PR 45 2R AR 17

AL T AR PN B HL T A R A% 128 R AN A5 R 35 1) P 10 LR 5 IRCR MR8 1 T — el iy A 10 %
S PRI BE B4 IR DRI A T DA T A ] B AT P9 I e A 114 Jo T Bl AV L 2 4 3 sl R 5 L )
B A D M. UTCL ) — D EE BRI KA AR 2 455 B (T, R BE) , T, V, OKZR A [ T1) L V(A
) L L OIRCEEAEE) , MOBTBRICER) ), e FU Y — A S0l B, SR IE AR AL TR A S & T I EFE R
JEZAERORE LR T R AL DM EE T, I B IRIELE T, , TR B IR L Ty, YT My, , REBI
PR R AR A S, BOBRIRIEEE W\ 5525 0 SUARET DR St T A A FLA S AEIT , W Bl
TR 730 S AT Bl X R A TR B 2 MR PP 250 T TR S 08T, B — A R 4 43R
BEZ R0 1l VAR, LA R LA R B[R] PR PR B A 808 e R B8 1) S R AR FAET 3 119 UTCT L. 3% 1] JET AL
By

UTCI :f(Ta;Tnm;Va;RH) . (3)
F£2 THHEHS HIRE F3 NET #8849 Rimg
THI 53 %% THL/ °F THI/C NET/C SFIE SR
TCIAETIE <70 <21 <1 E[ETT97
50% LA T NEEIARE - 70~75 21~24 1~9 7S
M 50% M NIRFIARE  75~80 24~27 9~17 U
¥ 17~21 e
REZBNBEAE 80~85 27~29
A 8E B 85~90 29~32 21~23 et
JRE PR AR ~ -
B NEEEIFEAR K o "
Iy B ERE > 90 > 32 . "

AHHC AT Z H 0 AR 3 BE VPN 8 bR, UTCL 55 PR AR il 10 9, WLER 4, Zr 0 i ints 4l , HL 45— 5%
AL IR AT LAE N 228 BRI SR bR 1 TR B 4, 405 www.utei.org P A7 1) UTCI 3
B (http ://www.utci.org/utci_doku.php ) #EF715A.

F4 UTCI s 8T MR

UTCI/C R 11559 B A
>46 s AN T [
38~46 ARSRAART Ty AR
32~38 SR #H
26~32 BRI Ty AR
9~26 e H &8
0~9 RV N i
-13~ 0 BRI I ) B
-27~ -13 SRR J) s
—-40 ~ =27 ARARI N S Fi:2Es
<-40 I =L

1.4 FUtEHRREIEEH PMV
PMV 45402 Fanger 3t T PP BIRIPE 1, 32055 TR AE B0 XU e S B R R BEL A AR AR
R 6 REE, ol ARINET G S 0 7 9%, I3 5. -0k
PMV = [0.303exp( - 0.036M/A) + 0.028] x [ (1 —n)M =f.9.(t,. —t,)F. —0.017 3M(5.87 —¢P,,) -
0.001 4M(34 —1,) - 14.9(0.06 + 0.94W ) a.(P, — ¢ P,)F,]. (4)
PPD = 100 - 95exp [ - (10.033 53 PMV* + 0.217 9 PMV?) ]. (5)
U PMV g AR RS, S — N TC R B M o AR B R AR, W/m® s A o ARRTE AL, m* 5y
N BRI LB, % , B 5% A A7 s f, IR TR BUR B 0., ML AR EL, W/m? 5 ¢, R Fe kR
YR L, °C 5 1y APTHEIREE,C 5 F, WA A RULIARR s o NAXTIREE, % ;5 P, 22 S EE XTI Y



18 Wk TAEFST 2019 4% 34 %

ARSI ES)  kPas 1, s SR, °C 5 WONEIRIREE , %5 0, XTI REL W/ (m® - K) 5 Pyl
IR B KRR FE 7 kP . S O R A

HI TN S A%, PMV (RS 58 ok R 50 190l T 22 ) /NP 344 (hittps -/ www. buildenvi. com/x/
t/comfort/calcu.html ) .
1.5 tREBRURE SET

Gagge & T H T S B XL G REHEAT 2087, 7 BT (Z5 08 P 2 il B R | BRI L ) el |
LB I8 T AR RS SR IRABE, 97 1 BT (35 FIYE L, 32 1 SET, & SCh B35 BRI (B 0.
6 clo) Y NAL TAHIXIIRSE 50% 25 AT 1k 2 I -5 -1 24 6 S Tk B A ) A9 PR 5 v 5 G I 19 - 229 B
PR B2 0 B SR 3 5 e — S BRER SR 0 S B AR R FAREL A% 15 T AR TR] , DU AT A HE 2R 58 A S PR 3R 358 b 2 A
[v] () BICH BL , SHSAR PR BT 1 23 TR B WU SE P BT AL 3R BE 1Y SET. LA bt 2 6, 1157 2ok

S(SET) =SET + (wh F ,/hF,) (0.5P, = P,) - T,. (6)
AP g RIRIBIEE , %05 h, NAERACHRE W/ (m® - K) 5 F o, F g TG F 3 h g5 5 A6 9 20
EIEMEEL W/ (m? - K) 5 P, P A3 B KZE S50 R SET R IR AIZE <, kPa.

H1 T SET TR A & — 36 AR TH SRR, 3 550 o A B T 5L 0 il I 22 18 /NS e 36 4T (ttps 2/ www,

buildenvi.com/x/t/ comfort/ calcu.html ) .

=5 PMVIEEUTMirAE %6 SETHEHITEMERAEP

MU PMY SET/C MFEGH REERE IR

Fi +3 37.5~44.0 RS MELLZL 2 FE KR
I +2 34.5~37.5 # RAREF I PSRN
e +1 30.0~34.5 I AEFiE i

Eh o 25.6~30.0 A BAREHE  RBGhTE, MYk
. 22.2~25.6 FAsed o He PR
o B 17.5-222 R WRAERE B
5 - 4.5~175 5 BAREFIE S 14 2
At - 10.0~14.5 % RaE St

2 EAF I TIHERFERRNIUTE G 247

2.1 HELTESH

BT I TR L, R B T AN IR X ZE A T IR B A R R T R R
] , PRATIE HE BT 1 T S B B  FRBE VR EE 20~ 40 °C, A X 5 7 80% ,85% ,90% ,95% ,100% , X,
M 2.5,6.0 m/s, S5 ERREE N 2.2 met(HEESF ) AT 4.0 met (FEBETTE) ) , VX S R IR 4F T AR IR
JE , IREERRBH R 0.9 clo. 2L2H & 420 211145 T4,
2.2 THI 5%

X THI #EATHHRL, AT A (1) A AR RRIERSE b T8 3 1) 90 L 72 T 2188 KU T B2 S 20~ 21 °C 5 (2) 22~
24 CERIN 50% LA AL THRAEFEIRE 5 (3)25~27 CRILNEIL 50% 1) NAL TAAEFEIRE ; (4)
28~29 CRIHRZBNAL T HAEFEIRE 5 (5)30~33 CRIUA A NEEIPIERIORE; (6) KT
33 C NKAL FBIT R 2R
2.3 NET 5%

XF NET #EATHH, AT45 (1) v=2.5 m/s B, NAARPRESEEF 8 19 R FREEIRBE -y 26 C,o=6 m/s B}y
27 °C; 5 THI 48%50AH2Z 6~7 C.(2) NMATEGEIE ARG :0=2.5 m/s B}y 27~29 C;0=6 m/s KK
28~30 °C.(3) ANMEBURGEHFFEE R :0=2.5 m/s B}, K F 30 °C;v=6 m/s B}, Ko F 31 C.(4) BSk NET
I8 T KT AR SE MR AEXGE 20 AR, KGE T 2.5 m/s 33 6 m/s B, 25 %8 R HRUaeis 4 4%
(RIFREE T BRI B LA B R T 19C, F 08 0.28 C/(m/s).



43 4 WRoy , A5 AN R EAES I8 S5 BC7EH T BRE P PR 45 2R AR 19

2.4 UTCI 5%

Xf UTCE (335 B UTCI B kAT, 084 T, =T, , Al 15 (1) 0=2.5 m/s B}, ARG EFE 1Y 26
BEIRE 20~25 C50=6 m/s I 20~27 C ;{4 T THI,NET $5 20 B0 &7 3 1Y i 5 X AR 58, B XU
PR, 73 DX ] B (2) AR RAEE 2 U ARTA I W TG PRI :0=2.5 m/s 28 32 °C,0=6 m/s i}
33 °C, 5 THI 4550 A NS AR AR S AR I
2.5 PMV $5%

X PMV AT, Al 45 (1) KU E 0=2.5 m/s i, ARG EF8 " A TRLEE X ) : M =2.2 met Iy
20~24 °C ,M=4.0 met BHKT 20 °C ; ARBUEE 0 BRI X [B] : M =2.2 met [} KTF 31 °C,M=4.0 met [}
KT 25 C;PMV =3 (3T I8 BRI EE: M= 2.2 met [y 35 °C ($£3 UTCI $5 800 “ R
M=4.0 metiif>ky 29 C.(2) KFRHEE v=6 m/s I, \EBUBCE “ 4738 " IR BF X [a] : M =2.2 met 5]}y 22~25 C,
M=4.0 met B}y 20~22 °C 3 AAHURSE“ $ (IR FERK A]: M =2.2 met BT 32 °C . M=4.0 met I KT 26 C ;
PMV =3 By T IR R BRI : M=2.2 met I 0 36 “C (41T UTCT F5500 “ B A" ARZS ) , M =4.0 met [y
30 °C.(3) {EH B B X IR S IR B 0=2.5 m/s I #4)-2.2 °C/met,v=6 m /s I}Z]—-1.7 °C/met. (4) KHXF
SEE A 2.2 met 1425 0.29 °C/(m/s) 4 met I4£0 0.57 °C/(m/s).(3) I Sh HE AHAISE AL
PRUGLEE MR :0=2.5 m/s 5 =6 m /s I H4Z)=3.3 C/met. (6) K GH S PGz Ry P00 T BIR il B2 52 00 1«
2.2 metY5 4 met B}34%50.29 °C/(m/s).

2.6 SET $5%%

Xf SET AT, I3 (1) BRI EE v=6 m/s, M =2.2 metii i & 20~21 C AAPUEST A T57 8
DX[8], HoAb A BLLE 20 ~ 40°C 2 AN REME A ARFAGET 15 TR 5 AT I8 DX B2 A THI GBI (2) A Hgod # i
FEX A KR v=2.5 m/s, M=2.2 met IF KT 29 C,M=4.0 met B5F KT 23 C.XFHHEE v=6 m/s,
M=2.2 metif KT 29 C,M=4.0 met KT 25°C. (3) NARZSE AR P IR B2 X T) - KUAL U v=2.5 m/s,
M=2.2 metl} T 32 °C ,M=4.0 met I} KT 28 C.RAHEE v=6 m/s,M=2.2 met B5f T 32 C ,M=4.0 met i}
KT 28 °C.(4) 1Bl SRR 247 B BRI EE S MR E 0 =2.5 m/s IF29-3.3 °C/met,v=6 m/s I} 24—
2.2 C/met. (5) KR HARESE Ry 47 1T BRI FZMA IR : 2.2 met FEARREN 4 met I 141240.57 C/ (n/s).
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