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RESEARCH ON THERMAL COMFORT OF COCKPIT
OCCUPANTS BASED ON OBJECTIVE SIMULATION
EVALUATION

ABSTRACT

The design of modern cars is developing in the direction of comfort,
intelligence and energy saving, especially the research on the thermal
comfort of passengers in the cabin is widely concerned by car designers.
Ensuring the thermal comfort of drivers and passengers is of great
significance for creating a safe driving environment and improving the
market competitiveness of the automotive industry. Therefore, how to
assist the air conditioning system to rapidly improve the thermal
environment in the cabin to improve the thermal comfort of passengers on
the premise of saving energy consumption is becoming the focus of the
research on vehicle thermal management and thermal comfort, which is
also an important direction for the development of intelligent cockpit.

Real time evaluation of Thermal Comfort Status and thermal comfort
level of passengers under different working conditions is an important
work to carry out thermal comfort research of cabin passengers. However,

due to the confined and small space of the cabin and its limited heat
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dissipation, as well as the significant individual differences in passengers'
thermal comfort experiences, it is difficult to establish a unified standard.
Therefore, this paper adopts an objective simulation evaluation method,
which averages the thermal comfort evaluation results of the majority of
people while disregarding the differences of a few, providing a quantifiable
reference for the study of occupant thermal comfort. In addition, in the
cabin thermal environment system, occupant thermal comfort is constantly
influenced by various factors, such as thermal convection, thermal
radiation, thermal conduction, and the body's own thermoregulatory
responses. Therefore, in order to achieve the purpose of improving the
thermal comfort of passengers, after the combined effect of various factors,
this paper mainly carried out specific research through the following
aspects:

(1) The thermal comfort simulation method was established and
verified by experiments. Firstly, the local skin temperature data of human
body is measured through experiments, and the subjective evaluation
results of human thermal comfort are recorded in real time. Then, the
passenger compartment of the test vehicle is reverse modeled based on the
simulation software, and the objective thermal comfort simulation
evaluation is carried out after the dummy model is imported. Finally, the
simulation data and objective evaluation results are compared with the test
results to verify the reliability of the simulation method. It is found that the

v
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maximum relative error between the simulated and experimental skin
temperature data is about 7.1%, and the evaluation results of subjective and
objective thermal comfort are basically the same, which meets the pre
research requirements of the early stage of the project.

(2) Study on the influence of relative humidity on thermal comfort of
passengers. Based on the objective thermal comfort simulation method, the
effects of relative humidity in the cabin on human thermal comfort were
explored in summer and winter. Through the comparison of different
humidity, the optimal humidity to meet the human thermal comfort under
different working conditions is obtained, which not only determines the
optimal humidity boundary value for subsequent research, but also
provides a reference for the humidity regulation research of the automotive
intelligent cabin under different climatic conditions.

(3) Investigate the influence of the airflow in the passenger
compartment on the thermal comfort of occupants. Firstly, the air
conditioning outlet parameters are defined, and the flow field distribution
of the passenger compartment is simulated and analyzed after the air
volume of each outlet is distributed. Then, different flow field distribution
data were obtained by improving the air conditioning outlet position, and
the velocity field data were derived and unidirectionally coupled to the
thermal analysis software. The changes of human thermal comfort were
explored based on the objective simulation evaluation method. Finally,

v
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through the analysis of the improvement of different flow fields on human
thermal comfort, a more comfortable air conditioning outlet layout is
obtained.

(4) A new seat heating strategy auxiliary air conditioning system is
developed to improve the thermal comfort of passengers. Firstly, the two
heating strategies of fixed power and fixed seat surface temperature are
simulated, and the optimal heating power and surface temperature of the
seat under different working conditions are analyzed, and then a new
intermittent seat heating strategy is designed. Then, the thermal comfort of
the new strategy is simulated and analyzed, and the energy consumption
difference between the new strategy and the traditional fixed power heating
strategy 1s evaluated by calculation. The results show that the new
intermittent heating strategy can help the human body to reach the optimal
state faster in a shorter time, and the energy consumption will be lower as

the seat heating is turned on for a longer time.

KEY WORDS: Thermal comfort, Objective evaluation, Relative humidity,

Cabin flow field, Seat heating

VI



RT3

Sk

B et I
ABSTRACT ..o I
BT EE LB oottt 1
LB TEET LT S 1
1.2 B AMIFFEIRIL oot 2
1.2.1 R NG @ PEFZ I FEIUR oo 2

1.2.2 R EABIIDIETEIIR oo 2

1.2.3 BRI FEIIR oo, 4

1.3 ARSCFE B TEIZE oot 5
52 B ETENEDT B T E FARIEIRAE ..o 7
2.1 NR-ZERE-AM IR RGP IDLIT TR oo 7
2.2 ARBIFIRET oo 8
221 ARPIEBFATT IV oo 9

222 NASFBEIRBEHIHAEF oo 10

2.3 T B IIREE K I T IS ARIEIE TT oo 12
2.3.1 ARIGEAA BARIEIT B 12

232 WMATALBEATE ooovoovoeeeeeeee e 15

2.3.3 AR BRR BRI IR e 15

2.3.4 NARAEFIE M T WARIEI B oo 17

2.4 AJFEAPN TTVERIETE BB covvoeeoeeeeeeeeeeeeeeeee e 18
241 ZEFEBETIEE N oo 19

242 ARG BRNEIASERE oo 19

243 PTEAFFEGE R TLIRAE oooocveeeeeeeeeeeeeee e 20

2.5 ZREE /NG e 22
93 F MR N EET S RLRFVE AR FT s 23
3.1 BT H I BTV E oo 23
31T BT B 23



RT3

3.2

3.3

4.2

43

4.4
S
5.1

3.1.2 AFE T I E oo 24
313 BEFIEMETTIN T e 25
A TR ARG IE I AFEE oo 26
321 HFE LM EFIR B oo 26
3.2.2 PMV-PPD FEHFR.cocviiieiieieiceieee e 28
3.2.3 JREB B RIE S R AR ZE AR e 29
KBR T UL T N FRET IE T SIFE oo 31
3.3.1 FEBE LM ULZAE R oo 31
3.3.2 PMV-PPD FEHR oo 33
3.3.3 JAEB R B IR ZE AR A e 34
ARFEIINGE oo 35
P B FOTIAIT AARBETEVEFIFE oo 37
BT E B T et 37
BT HFTEE I oo 37
A.1.2 TIFFETTVE e 37
413 FEARFEH T FE oo 39
4.1.4 PIRERI AT BB R BB B oo 41
JEHEH RT3 G FRAETIEME AR oo 42
421 ZPH AT KB AIFL oo 43
4.2.2 T B E LG R oo 44
4.2.3 T TIFAU TSIV oottt 46
4.2.4 T AIETFIETE DT oooeeeeeee e 47
THUA R XU 50 S5 HE T D AT IE M BT IS e 48
431 FRIADTEATELLE R oo 48
4.3.2 JEHER B A TT I oo 49
433 JEHER B AETENE I HT e 50
IRFEIIGE oo 51
R T AR B 7 T 2R G N AR AT TG IS s 52
I B B T A B B oo 52

IT



RT3

500 FHFCE BIBEIE Moo, 52

5012 JH TGV E oo 52

513 FEFIEMETEIN 775 e, 53

5.2 A [o] R 10 AR S X AN AR ARETIE A I FEM e, 54
5.2.1 [ EFERE I ZRIEME ..o 54

5.2.2 [H] 58 FEAT FR TR TEME oo 56

5.3 3 7R B R R I AR BB I TE I v, 57
53.1 JFR BRI EIMBIIZRIEEE oo 57

5.3.2 FETRAAL T 0 TA) R BEAR AR RS oo 58

5.3.3 AL (Al e R I AR AR BT TP T S e 59

5.4 AN[EJTREE T AR IARBERE I T oo 62
5.5 AR EEIINGE oo 63

B 6T JEE GBI oo 64
0.1 AETLIEEE oo 64
6.2 JEHE..ooooooeeeeeeeeeeee e 65
BEZE TR oo 66
WS - 22 BT R R AR LB HIITHE oo 74
BT e 75

1



RT3

hEEE

B L1 BRERZR oot 5
Bl 2-1 258 RGP &M LRI R (oo 7
Bl 2-2 T 5L -FE M-I IR B LR S R PAEIT TR oo 7
B 2-3 AARHR I R GE BRI oo 8
Bl 2-4 AARFTBESGZLIRIIN oo 9
B 2-5 LHHEE SGT SEZE B oo 12
BL2-6 TRIIMBIETY oo 14
B 2-7 AT LT oo 15
B 2-8 BZAR B MRIL TR oo 16
B 2-9 JR B R R TR AR B LR B oo 17
B 2-10 FR RFBAETE ..o 19
B 2-11 NABRFEEFIEPEFERR oo 21
B 3-1 PMV-PPD BRZLTE R oo 25
B 3-2 TEHIA 0L N A H B e M EF IR B AR s 26
B 3-3 ANFRE N AR EF IR AL s 27
B 3-4 ANFNRE T A TR PMV FEFRE s 28
K] 3-5 )74 TOL N AR PPD FEFR A, oo 29
K] 3-6 Sl B AR AL SN FERRFE TN Z2 oo 29
Kl 3-7 HESUREEAR A R AN R RE THIRZE oo 30
B 3-8 I IR B AR AL AN TFNR FE AL ZZ e 30
P 3-9 FRERIURE AR AR FE TR ZE oo 30
B 3-10 ANFNERE T APRFEBE AR oo 31
Kl 3-11 ANFEREEE S AR LAY A PMV A 32
B 3-12 AENRSET PPD AHAE M oo 33
B 3-13 SRR AR A B AN R BE TR ZE oo 34
B 3-14 Ji 00 FE AR A S AN TR BE TR ZE oo 34
Bl 3-15 i M FEE AR A AN TR BE TRITLZE oo 35
Kl 3-16 BRI E AL RAS TR BE TR ZE oo, 35

v



RT3

P 4-1 CFD Ji3A 05 B HTEEZE I oo 38
B 42 ABATIIDLE I oo 39
B 43 PHFERI I oottt 42
Kl 4-4 e SRR S A HE XUET BRI AU TIART B e 43
B 4-5 3R R AMBRIIIELEID I oo 45
Kl 4-6 7575 3 T AMIIDIE LI TIAT oo, 45
P 4-7 BTHETR B IR TT SN oo 46
P 4-8 JEHETR G IR TT SN oo 47
B 4-9 BIHETE 2 PMV FEFR oo 47
Bl 4-10 JEHER B PMV FEFR oo 48
B 4-11 R MBS KUITATE oo 49
Bl 4-12 J7% 2 T GFRTIDIE FEIA TP v 49
B 4-13 AN BT G HER SR TT SR s 50
Kl 4-14 ASELH0T JEHRR B FAETIENE oo, 51
Bl 5-1 0°C LA DA R IEFIEMEAR AL oo 54
K] 5-2 -10°C THLA R DI R HETIGE AR o, 55
Kl 5-3 -20°C T F I ZE T REFTE AL oo, 55
[l 5-4 0°C T35 T AN [1) e AR5 2 T U B AT ST M AR AT e 56
Bl 5-5 -10°C T8 T AN [ AR R THT iR FEE BT S@E AR AL I s 56
K 5-6 -20°C LI N A [R] JEa Ay 2 1 Ui B2 AR 3@ MEARAL I oo 57
Bl 5-7 JE T RO BT (R TATE SR AR ERBE oo 59
P 5-8 0°C L0 R ELAE IRAFLEI oo 60
P 5-9 -10°C T FAT B RAT LB oo 60
P 5-10 -20°C T30 R ELEE RATLER oo 61



RT3

haAE

21 ZEARIBEE oo 12
2 22 R FVBIEFAL oo 14
2 2-3 AWRIEFTIAHIEB B oo, 15
S L NE R GRS N N Y A <O 16
F 2-5 NSRBI FBTEZLIE oo 17
F2-6 EIIEFIETETTIY oo 18
F 2-7 MEFEARFPRZES T RGBT e, 19
F 2-8 MERAMRZEFABEAE (oo 20
T 29 TAFBELBEE oo 20
% 2-10 D7 FAH 5 0 D & I R RR EE IR oo 20
R 2-11 PMV FUBBEFR AR oot 21
F 3-1 MREEFEATABEAE oo 24
K32 KZBTBURBEURE oo 24
K33 HBTBRBERE oo 24
T A1 HRITBITTTER o 38
FA2 EHBEMBEE oo 42
T A3 TR TVBEE oo 42
F 51 BEURE oo 53
R 5-21S014505-2 FEFTEPEVFMFEFR cooovvreeeee s 53
F 53 AN TBE R EARIE oo 58
% 5-4 1A R IENINZEIRTE oo 58
FE 55 RUALRIIT oo 58
R 5-6 AFIHRBELETT 600s P BEERT MIFABEFE. ...oovvoee s 62
R 57 AN SRS TR BT B R IIFBERE oo 62
R 5-8 ATRITME T BERT I REFE oo 62

VI



RT3

B 1E %P

LI IREREENX

VAN AT AT B R Al TR 2 —, RIS T ERIER],
IR IR SR HEAE A T ERINHESNE o (EREE AL AT R JE, AT AR
EACPEEARRE &, KRR MAEARREH 532, AT H# BT RA
PG R TSGR X — AP AT, MR E R aelk. &P, %
SV B FIA ST AR IS, K, TEARIIRE AT, BAESCE M AR
55 AP 2 R N B AT 1 IE 32 2R A 8 1) 2 ki

TEVRZEAT I FE R, 2530 N\ 5 IR 6738 T IR 52 25 Jfev] R (R s, 53— AMTIE
M IRIAEE, AUA DA OR 2 AR E M B JIAEE, fem B 2 rt, [FiEn]
DA 25 BRAR A B 17 25 B 5 SR % A S) . B WA 0, 7BV 28 08 AT I 1
DU, 85%HIIRAEATHEAE 18km LA, ZZBHIN [AIZE 30min PANOL, TAE L LI
I IA) P, AR PR ik 3 BAET IE RS, BRI b i 4 6 T 1) pAy PR 380 A Ao T
EFIEPE R TR, IEBONIR ZERETIEYERT 7T 0 A8 K Ig AT IO R,
P 5525 T ) ) AN BTG 4, AR (098 55 Bt 20 T R, S B — AT 19 25 e 38
ST AR U, AT BRI 2 Bk 5% PR e R AR, T R AR RR AR D IAET Gk
frIfesE -

S, FeRAREFEEZINFIAEREIE . KRS, DURZENZESAN.
FEHRTARRE . RER #Ae AR I R s m Pl RN, AR B AR HBH & B 5 1A
PAAT S 2 T 5 AT AE P, DRIk, T £ A P IR S AR ST ARk 1
Wi, BB N R RETE M, ESON AN EAT I = RS B bR, R
H ATV R R BIE 7E I SR BE T 1) 22—

WEFZE AR PRI S e A BT I, o 2 7 AERR R T B2 AR 5 ZE AR A5
AR ZEMS 5 AR 2 Rl i 7 0, AR RUR T, RO, FAdE S AR A
H SRS R ARG T B T, 456 AN 5 ARG S AH DGR 3R
BB T2 R R G AR IRETIE TR G - 5 RS 3 2 T R G5 BLAR 2 D AR A
I8 e NARRETEME R R B, (HHEHE SRR AR KB R 40128,

1



RT3

PRI A S T2 I AAET @ VE A VPO 70, Rl B 22 T R G 5 N AR T IE PR 1
F-BAE W ST E A, R FC Qe g oAt 7 A 4 B 2 A S bR B i AR AT I
e RN AN Fe % g

1.2 BRI

1.2.1 SR EEI N A RETE MR Im A 5T IR

KT BE T 7 AR AR DA B iy 2R B () TSP, 1 S T A e A I
(RHD [ABFFEANE] D o BRI AR B o e s G, X6 2R A R B8 e A
IEYIE VRS E AR o BT LEEA R PR TO0R, W el i 15 42 A0 1A 8
JE, A AONZ 0L AR AT E IR, o N SE POk BT @ IR A i IR &
LA AU,

FEAN RG0S, AH OO B2 0] 3fe 53 e TR 85 S 25 3fe N B3 F i VA 4 AN TR] 1Y
s, E T A A X T A IR 2 T, Alahmer S50 S1E I 95 FhoAS [ A
P TR SRAIF 58 2 A P A B T N AR B vt RN AR BT I 52, &5 SRR B RHL 1)
AR Al A 2 s B A AT X T8 LA Bl A1 L T SRR, HAE e iR v
RH B N B AT & AR OEREd, RH MR ARG EET & . Li U0
FHXHEEBEE A=A 15% (KD 50% (FF) F185% (&), FHimid E ik
B SRR TR ZE T AR NI 1 5 W S B, 45 SR WA 2 1k 22 oo A ok
WM EW A E B EEM . Lam FEE D AR SRS 5 FRIARRETIE
PEREATITT, 45 3R B UAHSTRE A 45%~95%I, AFRSFEE R T2 IRE &
AR B ARR GF o Li S5 SV 4 52 76 P ] R A 10 /0% = R g AT s
By, PRIC T AEURBR AN I HOIREE IR N ET IE RS20, 45 BRI LE il IR 85
A R X X A B B 5 AR A PR R A T R IR R

KT BN NARTAGTEE RN, MR BN CE# AT T ARSI, e
7 AN RIIREE 00T B i N A Ry o P P 3 B Y ], 3] T R
A FAET TG A A S H B 1 388 S o L2 2 T3 PRS0 A A 0 JEL A g oS82 P A

A D PR TGl I B B AR T S R RAR I A e FET IR AS, AT R
Z FERERA AT N A4 PR IA 381 iy i R A B B A

1.2.2 SR GIAERAR IR



RT3

FEEFERRMSEAREE T, BT FEM AT RN, BT 3 ERE,
T B P IR 2 T ST U P PR T v, R A3 2 HH AT B B AR T 45 9 S TR
WA RS, STV RO E R WX FE DL R X R 23 i
o B M0 N IRIA A A A, T B R B AR A BB IE PRI, TR
T REFE 2 AEEOSEAT 2 an SRE Sfe N R IAL TANET 1 L% 7 A PR AR
, BTGVEBUS A R BRIR AR, AP AR R 555 DL R A
A6, TR OIE N T 2 g e A pR R R, Rk, IR R AR I SR AR
LR, AL AT A AN RIS N AR FAETIE 52, 2 TR 3 AT AR TR
ARETIENE R T

P RMMIAM M2 T EHE, SHWAERTEEEENR—. BT, o
FIRELEM N F 285 CEFD (Computational Fluid Dynamics) 1 B A
AT 0. BAE Bt AR, P. VNielsen! Wi & Y8 I I oA 20—k B T i
ez R, IR kee i A T N RS, A S SR A A
St FLBRATE T B AT SEdE, Mt CFD BORZEE R HAR T 2 KN .
Zhang HP*WEAR T Toafe & P A Lk N (-t = 4ER 8 )y sz, il 0 AR
H 5 SE 0 g8 FAT R EE R DL, 5 T R 2 K 2 SR R E 2R R A e B Sk IX 3
NE Ahmad Shafie® 5 CFD j HARN, #5017 KB 423 G A & ey X 4t
Wy AtE L, FREE A A TR T A SR S AT R R R, A BT R
=3 AT . Sen S F Selokar M ZEPhl i 481 ] CFD 15 5 J7 2% 5 ik XUk
WHEEAT TIRIAIIREE A 1 5, DR AT AR BE AR IR FE I s, 25 R,
It PR AL 3 0 T R A A ) R 6 D, T % BT S T 10 AR R RE i, i I A i K
SERAF T R TR T R A A A RN TR R

RN I 5 IR I I FEAE [ YA e, AHUR et 5 [ A B AR A B o i
BIRIHE 78 B A e 4l b, (HBE%E CFD 1 A ARMPE R, TMUA R
AR RS R, I HRS WA R TR S . B CFD XIS E . R
AT U BT H AT A B 2N v, RS AT SRS R R IRUR, N
SR 145 35 DA = AU 23 BT g 27280 45 5 o Sk A5 22V 3 3 AR BE 3 2 A
[ 326 JRUiR: B2 X0 95 2 i PA) 3 5 AT S PR R s, 5 SRR A R AFABE T, iR ik
R o 2 R T PRk B iR AR I B R S A A R R, T K



RT3

B G BNV B . 2 XM e A AL A 007 LB 0] 3 R AR A HEAT 15
PR T R R B AR T A DA R B B A S A O, TR B AR
BOREIFOHT, A TImBRAVERERI T 2. B LR CFD 15 50 5 4
IR N HEAT 1 BRI S TR o i, W€ 1 2 A S B RS HOF R T
GHEETIRALR AT, WA RERTE T b3 1 FEHRRCR .

1.2.3 FEAF IR IR

FEAZEAR B T FE X, 85 7 R i R R Gk g i N AR IAET ISP AU AR AE
SRR A, T ELRERER . R, 6 R NI AR K T T AT R L
T, FHX T Al IR G R, R DA R 4 B 75 1 22 GebRagt i v 71 5% 1)
BT IENE, T AR R AIC T A R G R RERE, DRI IE A [ Y A R EE ORI ST B0,
ITE, HNANEIR R G 2 AR %, BB IaFRIC A IR R G,
IR, K BRalAE, SRR B ARE L0, /M M03. FRAH L6
FYC AR, sAh, —SSEPE MR, H RGBT AR At
R REAE R AR E, bR W, FEREINEAE 414 IR 4 B IR B
Kbl 21 A

TSR T2 B N EU P R A, Giit 5 Al 1S 200 N AR
TRV, 5 R R FAoeT 3T 53 AGETAE M (A T R8I R S G R
AT, FF B A HR A ] € AT 2 1) 77 AT BER I A SESG . 4 Pasut 555 g 4H
LMK 505087 B0 A PR R 34T £ ARG AN R I& PPN, B8 15Smin SREGI
BN S I, 45 H 3 B2 R A X B e 523 10 PR o AN 7 1 1A o I A
F1. Hajime SECN@ I 12 FhAN [ 26 A4 T 10 32 0 S50 SRAFF 78 45 P a0 0
T T N A AT S BT T IG5 24 I PR AR TN ARAT BN #8 ( 4L e S
E5HE 3 S TE Ut SRR [ AR R AET 3 o 48 S Tl SR FH S Ay R 4
FOBHIES IR ZH A R 7 2K, SIS SRS 3R (R AT I 1 0, 45 SRR IHTEAb
SRR LT 10°CHEHL N, 12K 7 :Un] B 248 m AR #ET @M. Yang
SECSIE SN IR N 14°C, 16°C K 18°C R 43 A HEAT JEAa I #GRT, 25K, 1X
S TS I A e D Rt 52 AR BT AT M 1 e R B N I, DRI M A R T
T 10°CI 4T I JRE AR 0 T4 ) 5CR - AN FR A

FEREAET T, N TIR—RE NIRRT IE M, MZ¥E CE X R AT T

4



RT3

Z M. BARCERTS 7 i, HE RN 5 HAM SR A a4l &
WEFREITr A, AKI R SEhR BN, WIEIEN T RERCR BT LA VR . H TR
TR NS T T R TR IR B, T AV AT ML H AT AV BT
] BRI FER R, RIS T JRa A R SR SRS BEAT IR AW FUSE 0 b B

1.3 AXEZHRAS
| TREAMAEBEAEAASDL | RELRANR AT
l ARG R 3R 3 3h
A AEFE WO AR R
[ﬁﬁ$ELRT}
BT AR b s
FRBANRRAR || RARAHCEOHE |
(sssn |

{

e AR A
P RETEE I B

o 7L 7 B S 2

A RABFEIGEAF Jo— pmms |
i FAA T 1
IEIN 5 7[5 B e o 4 SR AT
[ ] [ AbtsarEt s | SRmRR R R
[ mrsnrmses | T B (KR P gER AN S8 |
] AEBRRAER P BRI 4 0 1 8
I~ ] A hoy
[ mesmmemwtyisE | BEHEAHT :
ST S R AN 0 R

BT IE TR BT 3 R A AN (7] FA BE 43 A (2 2 3 I A BT A 1 ) B A 9T
B 1-1 BORBREL

AL FELIIRH NN R, NIRRT ARG a@ A B R R AT,
IR JG HE T2 WAET @ VAT BTV, DABRE AR e 4 A 3fe 02 FAGET & 1%k FLis A2 IR REFE
FEHEICH B, I8 E LA B 25 T R G TRIE A N A BRET TG R 5 O 3B
BRI . EEMANENT:

(D Bl ot NAK-ZEAR-SP A B2 ] ) — D B 72, 1 = A
FLBEAT RAEIE 7 20, ARG FE T AR IR TR 58 BN AR B B BRSSO B
I BT AR Y BB IAES 3 1 0 FLT ik, NS IE DT A5 ARR R R/ I
FoEma e, Eoe T Taiemiat. Al v, R A B AR R
JRTH, 58 BT AAA B2 2 T Ve P () S ISR 4, S 30 2 W08 (1 5 3,
BN DA &7 1 B2 HEAT SN TR o X6 F i &b 57 S SRR R 3R W il 5 ok
i, AT E T, 152 NARZ G @ VT B VPN S5 R SRR RIR ), &5
1 e 45 R 5 07 A5 SR AT XS EUEHIE, W ORAS SO0 BT VR HERA M

(2) FEAZENIE Z= 00T 70 AU AR ME N 3R 52 A1 -4 2 in #A el i) 4 1

5



RT3

ELR BN IIRE, 2T A FEARHR R0 T K3 Sl R IE 1, i A ARAE 241
IREL T I AGER &M DRV . B NSRBI R . VTR, MEATIKE. mEIR
#e-B DA KJR) 0 BRI FE AR AR I D0 20 A, S48 H A RIS AR B B G 122 4
0L, JEA A RS N NRIL B R AL ST IR S B IE TR, B9 R SCEf
XA FEIAEE TOL N AT IO FURf e 1 e R T A i

(3) P 3fe BAEIALI AO 05 EL AT, 45 230 Bl A B Tl 3 S LR R 8
Wi, Kl 5 5 S IU0R & E I0 FUBRAE R T g R AT @ T . SRR
WAL E AR, B E A R0 3fe SRR A I afe oy AET @ M S . R sl
oxt e 2 U R ST B IR 0 AT, B S AN [ H XU A B i R B3 FAGET
@k, BE A SRR e 5 ARG TR KA B BE R o A

(4) RHZET AR BGR TR 25 & 2 AT IEVE VPO 53, B0t [ I A
T DA K (] 5 e 4 1 I FEE (R N R SRS BEAT 73, IR T PR Ay in FR S s x ofe o iy
EVERIREE, FRE S5 AR 00 N B B EE SR o PR St o 2 ) 1 e A
IR, I M ARETIEVE R BERE AT B 0 b 155 1 5 N T 246 % [ g Joe Ay 4 T i P
SRS IRIZESE,  BRETT R —Fhad FH T R N A3 JRa A A SR



RT3

£ 28 AFFEMMETNEERNEIIE

2.1 NME-ZERR-SNFIMERGRZRITIE

EEls LY NIAY =29 i o i Do e A B ol LTI SRS N NI PSS GRNA
BB e WAL, JF BT S B VB IARE T, IR S %
SIS, AnAR SRR . KPR o G A, BT 2 S0 F1)3fe 51 1 A
FPEPIRED, I E SR R b, A R RN R T — A R
LR ARG, fEHHT NMERETE MR TR P f5 23 6 5 JE AR AR B KM 3R 85
M RER I, M IR R, A RS A & T ST RO HE R T . G
K 2-1 s, AEANR-TERE- AL G R, MRS ERS ST B, %
THERZ A EAR G« AT, PRI 42 G APA BT IR 1R B i Nk B &
(AR 1 s N A B AT S IR 5 IS5 T 5 38 3 520 2 e P B3 11 52 M A\ AR Y
AP IETE

O 7 5 i FF &R .1 e OAKHITR
@z Rk 1 @ \thzEmiR
bt @I HEIE B ﬂ e
f > jj; O XHE ] @ R
AR 5 @ Uit fg @R
d o . @ gk U

2-1 Zie3 RGP A B B A LRI R R

Q ELH K PR AR 5

e

of 3t # #4y

KAz R

SR %
R 1 5

b T SO R

K 2-2 3 bi-ZEfE-A LR & R G BT AL
7



RT3

el 2-2 s, EIZRGET, Bl EEE e T IO, AR =
Jr AT o e e S O A SR 4 B BE i 5 A SR B TRl g B 2,
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MNARA B 5 — AN B AR T BT )5 288, AT AFEAN RIS IR T i
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BF (7= SRR 5 A A B HEAT Bt 3 S R AT i 52 ) N\ A A T 18 ) 2 22
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K 2-4 NAATBLE A%
FIALA NSO 1A% 2 BV ITTRE, 1207 Rl i A AR it HokT
NP BT RE R, A W PR A ARl R e, TRIeR
J1I Pennes 2 4 A NAR AT RER TR N AR N BB 3% o0 R 10470,

O'T ol oT
k[§+7EJ+qm T PyiWiiChi (Tbl,a _T) = pca (2-1)

A, k BoRHALRINGE;, T RRHAEE; o RRIJUTREG r RS
B g R o, TR IINEE, w, FR AR, o %R0
WEEIAEE: T, ORI IS s p RORALEHE; ¢ RoRHALILAEE: t RoR
I 1]

FIALA NARBERY PR 73 2L, EFGHE 8 RAGM EB) R G #0380 R G H R
FONAR N8 S Ak 3 5 ] [ PR 18] () B A 32 s 30 R 0 F SRARAU AR &M = 2R 1 A
RIS, BRGNP B AT T BB s FEB H T DA S I R fSe 4 T 7
2.2.1 ANMFAEBIRIETI R R

2 NAASZ B 1 G IR 5 B BRI, T Fe i AR R T AR S R 2 S I
I AR R FEE T DS LA AW AN &7 SRR R T AT, ARSI An T

(1) NEFEEES, (W) :
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d]—;k,m
S, =10[ tanh (0.48AT,, , +3.62)—1]AT,, , —27.9AT, ~28.6+1.7AT,,, 2 (22)

.dT dT
<OBZ%<OH§‘, AT km —0,
t

AT ,
sk,m dt

sk,m

(2) ANMEHT=E S, (g/min) :

S, =[ 0.8tanh (0.59AT,

sk,m sk,m hy

~0.19)+12]AT, +[5.7tanh(1.98AT —1.03)+6.3]AT,W(2-3)

(3) MRS C,(W/K):

d];k m
C, =35[ tanh(0.34AT,, , +1.07)~1]|AT, , +6.8AT,, , —% (2-4)
s > > dt
dT dT
MAT,, <0 —E" <o, AT, —%"=0,
sk,m dt sk,m dt

(4) MEFFKED (W/K) -

D, =21 tanh(0.79AT,,, ~0.7)+1]AT, , +32] tanh (3.29A7, ~1.46)+1|AT, (2-5)

B ‘ . L dT, B
ERX 2-2~2-5 11, AT, FORBEFIRE: AT, R T iR %i@m

B ki FEE Bt I TR AR A 2R
222 NSRBI EHHREER

RN RS T, NRAAT R AR, 5MEIA S A7 2 A% fE
BAL M. O T YRR IEHE A A B, NARRIIR R A AR FFAE — A RS € 17E
LS N AARAA Y IR 2% e A i i s £ AN W P 2R AR, AT DU A 3 i 4R o
7&K EETT IR AR N 2 R IINVEBOR 2%, i 5P 4EF R 2, DLIRERIR
IR AR AR . AR TR, ARG B2 — D ah T lrid fe, 3%
PR AR AR ¢, (Wm?), ZKEHE q,(Wm?), KIS g, (W/m?) Lk
LA B R R TR S B g, (W/m?), IRYERERSTHMEJREE, 13 M AAIF iR ¢,
HIJT R -

e =q. 49z +q, 14, (2-6)
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A 5 5 SRR S AT 4 3o e 5 R B2 AR L 4 SRR BE R LA
Fe NAKTIZE R BRGIEATI, IF FLZ IR AAPE IR, BRI T
(1) 5%

9. =hepie(Ty ~ T ) 2-7)
S, g FARWHAE b, FARRRREG T, R ERTERE; T,
PR 2 R
(2) 54p IR A

G =M (T, - T,.,,) (2-8)
i1, g BRYEREEN L h, BRI R T, FoR % 5 W BT 4E
SR .

G =SV, (2-9)

R, g, TR KRR, s BRI o, FEWICE: v, FEAES

47 42 ¥ 2 T 1) £ s R K
(3) NRRIZR AN

qe:he(psk_pair) (2_10)
K, ¢ RRERBEINE; h BRBERBIANREG p, B RIRRIKZE S5 %
Py BN THIKZE T s

(4) i AR 1% 3 HUA R

AA(T, T,
%z—lﬁfl) (2-11)

K, g FoRIBE IRERIL SRR A NIRRT R 2R A KRR R
SRR T, Ron RRRIIRSEE; T, £ iRERMmIRE; L RoriiE
FEo BRI FE R, -

L A(T,-T,)
R’_Z_T (2-12)
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2.3 FESIACFAIME RS 3R R R IT SR

N TR AT BHEAT 06 BB SCHEANIRAIE , A SR B 2= oo iR 4 5 1
7 0L 4 A RO Ko B3 R IR Bt AT 1B 3 . 122 H i —J5 T
FE T M e G Al AR B A A R N AR FR B B B S BT A PR AR A L, O T2 08
AL A S 8 B MR T i P2 SR S X A AR R RR S 5 3 — T3 T e 3o i K
B DL RN AR B 2 AET G PP R IR Y TSR, PSSR D VA Y
AR

2.3.1 IR AR IE X &R

AR DLy H A SGT IR AR, SERRINE 2-5 Pos, HE B4,
ARSI, BARERG RN E 2-1 s kIR I 2 (8 A R RIE,
SRR ES A R W A A, Ja RS Al BB TR i, A R TR A A A DL S e
AR 2. Ry, DR R, T H R PG S e, B AR i B AL
P, R HEA U O B

K 2-5 A SGT 242K
#2-1 FRER

EH RSP /mm HE/mm  fiRH/mm  ERE/mm  FEESFL  BEFiE/ke

4710x1829x1490 2670 1561 1554 570 1344
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e T RE R T A (6 A 8 3 A G A A A . B R AR S B A
LIS, A0 2-6 Fras,  HAn RO B -l s SO S SR s B LA
— U AR B R R A b, S AR N AR SRR T I B DR, 5 A% 38 25 4
PEREEAS by Beli RS — i A, — I R B i, ARSI SR AR B
PR A P AR SR I 11 5L P58 0 A 5 WL

mi) HT-9829

(a) JRIHEAX

(b) A, EilA K

13



g M N e e 2 VAT

: AMPS(2CH)
SOURCE OR SENSE(MAX 24CH)  DC5V(100mA)
DC24V(100mA)

(c) B RER
K 2-6 I AS

FEBEAT T MG B P RIS AIT FE I, AH O AR S b — L8 [ B b v ER
R E TN, (B S RN A B 6 £ S B B A R T AT PE A R, e
FCAE BT FU R B S /N I 49500 iy BYRZE s A d o 2 6~12 A
A8 W s B, ROV AU BE R AR AN [8], SCRE -7 2 % HLARAIE
Bl rAa . FEAKREHESE 7 10 43260, KPR AR B
16 2 YA 4 42tk Bkt 2-2 fos. BN R 49— 5 2 =R
FAh T MLEATAZ, FRAENGAAT B S 2 M 2220, PRUEIRAS PR 3R A 2E4T -

% 2-2 PN L B RRFAE

UNZE RS 51 T B E/em 1k /kg HR»

1 Cil 27 174 69 YNGR
2 5 52 177 70 Hm

3 % 34 176 82 AL

4 B 26 182 64 DA
5 Uy 38 178 76 TAEIT
6 % 42 176 68 e

7 '8 27 166 48 it

8 £°e 28 168 51 YNGR
9 U 24 163 47 WA
10 e 19 159 45 KA
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MR T 2T A A AR REAT I &, ARR i S CIR BRI MR A ZLAh R
ACEER AR i 2 T B PR AN 75 S L Ak Bk, (H TS T R e 15 1) Bk
WAL, HAMKS BT, BRI, PIA YR IR A ik 2 Qi 3 77 5, B #4
LA PR A R DR S S MR I s 240 R A O RSk R I A B PRk i, AN 5
BAE, T ELRT DGR RS, Bl 1k ARk BB A

AR B JPRAR P AR AR 75 BB A AT B AP R, DA A2 k6 AT EAT A i
W2 & o ARG 73 I HNACRET . IES . KB VB TR RIBRATN R
DX 3N A B R A AR PR JRy o8 B BRTRLIE , 900 FH - B b X -6 X3y 3
IR ERR R 2, NI S AT E A 2-7 B

Kl 2-7 NAKRI AL

233 AFEBREFRIREIRENE

AUGRIAEE Z= 8 A iEAT, Iyt Jy el i 22 B T2 K7 1 % A 4=
Yy, PRSI R P R G a2 LA TR A5 25 b, FFIT AR BEAT SE0 AT 2%
TAE, 56 FT AR RS H A R 2-3 PR

R 2-3 WA RS

PR ENEE ) R R Fe A NHL
38°C 1000W/m? 40% Om/s 1
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I AR URAR U0« B SE X izt 16 22 A ) C L DA R se BV E AT R A
DR 2SR AR GURE I AR, JRX 25 A 0 A LA T R 2, e T e o i A 2
SRR T R T AR T T A ARG R S P 5 A A B IR R Fr— 2, RN
N AHENTM 23 I A AR AL S B AT B I A, i 2-8 A EIFR .
B JEAE AN IS R, BRI N A TR AR A ORI A AL 2, il A AR SRR SE A A i R
IR ERE AP IR I ARAL G 2R, IRl Bl R AR A LA oK

l

K 2-8 2l e A2
B MBS FEFFEE 20min, BRI ERUTT . 06 N 8 Jo 8 e 3 B B
B b, RIS N TS AT E I A, B S AR A A e e A AR AR IS L AR DLy
A0S L AR AL, TR HA AR o9 — I e B R A 4% b, BB ihRE 5 A
PREBALXS RIS R ANFR 2-4 PR
2 2-4 FAAB G N ARFB A R 5 R

A B S 1 2 3 4 5 6 7
NS AL T N K i 358 K AN Sk

TF I 25 A4 R GE, 38 I B SR AR 3 S IR 57 24 A A5 1) A 30 5 Jok i
JEE AR AR, , ST TSI 5 2 U R T XU, DA A 1 B AT B s S e
fE 20min J5 45 AGRIE OGS R R G, I B R AR B R AR MR d WL R %
2-5,  Ja il B JPR AR TR R AR AL T 2k T 4 2-9 BT .
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MRAE 2-5 B REESE R I 2-9 LRI R 0, AEWIARR Bl TR B IR L #R
e, NAR R IR R R A5 R, 0T A 2 RS Smin Ja, BT AR
JFERGE BRI, N AR B 10 I 5 B 2 TG A, ELAE 10min J b T A A2 € AR
Ao o, FECE TR A, SRR R BRWGE T, BRRE T
BEEEP, PR AR IR iRk, KBRS T 55 st S i, Xk ARSI
RGP A XE DL BRI B2 50 AL, PR AERT A6 I Bl 2B, e
FE AR R T PR, IF HAe 2 T H A B AR AL

40 >\
38 P\
36 :
34 \
ot - RSN
@(32 -
o [ |—— F
730 | T
I /N
8| — K&
- iR
26 j(ﬂ;ﬂ_
2l "J\H’E
| | — L&
22.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.
01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
I5f ] (min)
2-9 JR ¥ 7 JhR 2 T 9 AR A il 2k P
R 2-5 NARJR R R, B B
MNAREAL Omin Smin 10min 15min 20min
Sk 39.25 32.92 30.85 30.52 30.07
8 40.13 34.29 32.25 31.43 31.67
N 38.71 34.10 32.02 32.11 32.78
AN+ 38.70 32.14 30.84 30.63 30.53
Fi 38.98 31.71 29.98 28.93 28.36
PN} 39.76 35.44 33.45 32.92 32.61
/N 38.32 32.99 31.85 30.92 30.89

2.3.4 AfRHEFIE M EMIRIE N2

£ 58 3N A B JRAR T i B P 36l ) 750 28 T T 4 BT, BRI AR IR ARy
B, At AR FEIRIE R T, IR 2 5 A IR B R — B SRR TN Bt
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M, KBTI SN RS, R B B0 & A\ i 32 AR & vk
4k, ik 2-8 45 EHTR

A PARITFE S P RHEAT, FRIR 20min, BRI R : KAk A 524
NS H, B2 N, RENTERIFARERTHRRAL b, ARG TT R 2 R G AT I
B ZEERFEE 20min KPR PRI Smin 7 HEAT — X E UM AE E LT
BRIAS . £ B HIRX5 A R 58 sl 5 Kl RG24, 55
TR, REHT AN, B EEN R IR 2-6 B
(F: a RoRIEFENE: b RR—MEFE; ¢ RRAFE; dEREFATE

#* 2-6 FAIAETENEVEOY

N RS Omin Smin 10min 15min 20min
1 d c b a a
2 d b a a a
3 d d b a a
4 d c a a a
5 d c b a a
6 d b b a a
7 d c a a a
8 d c b a a
9 d c b a a
10 d c a a a

IR A WA A E PPN R B Ge T E 04, Bk 25/l s TR] B A Tl 3 3 f 72

SEEEVEAT, RS R R g B 9 NERRIEENZERRRT, TR
JERGE, R RIAL T AR AR ERPIRAS: EIT 8 A5 H178 Smin J5, BR2E D
RN AZ R, BT AS RS 72 10min 247, WlE Y 2k EErE
WRE, HAEFI L&A — BRETE IR S & P £ 15min BUE, B il
BN A Ck B R H S IE RS .

2.4 HEMFN AN RIIE

KT B3R b3 A IEYE B AT FOHN T ik, B e ESL M T E T
frIsfe AR, A MBS, SET- 3005 AR 22 AE OR8N AR T i
PEREAT O RN SRS 3L TR PP Fia bR, X3 DA IAGET @ P 0 R A R BEAT E By
BT AT TSI S B3 B3 BT KT, R RENS T I 2 I AN AR FE AN TR D00 [
A SRR iR T 2.3 IR A R IR 1% EPPN U iR R SR
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2.4.1 FERIERIENT

FEIAET IE LT B2 T AT 75 e AL SL AR AL, RO R 2B IS AR Y #R s, [A]
PR 7B TR gt RAER I, SHRIGIR AT T8 A ik, g T
RENHUAG S J5 A0 SRR ST, TEXF A A AR B AN R (1) JURTRAAEEAT T T4k

FERSRY @S R R, SRR B B AR AR AT 2B RO I &, il sk B e
JB0 LA K P9 AR A RS R0 . AR5 35T THESEUS-FE A7 B X 3fe B At sk s
SPEET T Ll R, RIS ENZIA R AR S A . FEVS N FIALA RN
A 5 AR AL A ] 2-10 PR, AR ADKE FH T2 T ORI BT

K] 2-10 e i Ay
242 WRFHRANEHRESEIKE

A TG AR R AR AT, I AR 40N FIALA B 2= A4
R, o TR AR R A0 55 E R R NS B KT B R R AP AR 30 o
MNERRE BN ACEPGE T N BRI R B4, 40 R 3R 2-7 Fros N NEASA]
WA THIESIKT, O3 i AMEE SRy, i3I 1.OMET.
R 2-7 NRAEAFPRZ N 1iEsh K

NARES MNETEENKF (MET)
i 0.7
AR i3 0.8
L SR 1.0~2.0
177& 2.0~38
FTER 5.0~7.6

e AP AR 2 S B AR (R A%, AR ABHIE I “clo” Row, BNE
T e B R ) SE AR FABEAE FH GB/T 24254-2009 E 4RI S, ARG 5
WG E DA T M2, URE M, R EHGE BRI

.3 2-8 7w o Hed 1¢10=0.155m?K/W, i+ 5 HHBR AR RS 5 AR 258 4 FHAE N 0.37clos
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* 2-8 A AFHAE

e A FEAMHE (m*K/W)
WA, 0.003

RN 0.003
(RO 0.003

A 12 0.029

Tk 0.017

AR IR BB ORI BT 38°C, BIWIMRIEEE, JREEBEN 40%, 4k
PRIy Om/s, 58 WIAGEIL S5 E o 0 O R i 2 I i B ORI, 2 K
RS BTN 4mys, DRI IS0 45 RS 18 Ik AR A A G P9 R BE AR B AE 23°C
Feda, DR L0007 B AR Y i AR IR BRI E N 23°C, M LI
6] 24 1200s, HARSHI T 2-9.

® 29 WRASHKE

VIRRIRIE ARSI R RoEMeiR SIRKOE KPS B
38°C 1.OMET 0.37clo 23°C 4m/s 1000W/m>  40%

243 FEITE SR KIGIIE

AT TR TR, 2T IR BTN 2 BORE S K Wa F s, IR
THESEUS-FE K73 Mr 8t i idb AT AR ETEVED Hoo i, el BuE o 545
HH 3 57 A 1R B DR E B L A s B DA S AR T Al M AR

FERAEIGUERT, DR N AR B b 5 B Rl B A AL LA 5, i HL Bk
I P8 B0 B ) A 06 SE I SRR R, 8T 507 B 3 AT X LEIGAIE, PADRAIE D 5
PRAEUE TR S BRI, D7 BT 545 35 ulie pr i dfE 3t L Ak 2-10 fhos

22 210 5 FLTHE S B0 TS 1 B Mok T e K

Ak Omin(°C)  5min(°C)  10min(°C)  15min(°C)  20min (°C) #&k A%
e fiE R giE R fE AR E KR E WK kRE ORE

3L 38.12 3925 32.05 3292 3025 3085 2957 3052 2928 30.07 1.13 29%
8 37.92 4013 3291 3429 3149 3225 3090 3143 3069 31.67 221 5.5%
KB 3794 3871 3232 3410 31.04 3202 3057 3211 3044 3278 234 711%
/NEE 3795 3870 31.28 32,14 2959 30.84 29.07 30.63 2891 3053 162 53%
FH 38.10 3898 3055 31.71 28.64 2998 28.03 2893 2784 2836 134 45%
KR 4051 3976 3330 3544 3255 3345 3238 3292 3237 3261 214 6%

/NEE 3798 3832 3234 3299 3097 3185 3043 3092 3023 3089 088 2.8%

LA 5 I R (R Ly ag R, 3fe 03 R i B PR AR I P A S ik g 4
RIERBOATT &, B @HA NIRRT B R AR T B e, BEE 2R A 1R
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M, TGRSR, HAE 10min 2 5B TR0E. FARZEE=I0N EEH —
PiFT R, X iRZE= (BORRZEEMEED) x100%, Fbi5 07 5 55
FZ BRI ARG X, S KIRZEE N 2.34°C, REN 7.1%, MILRIBALZR
FBIE 6% AN, Tl 2 AT ER, BRI AT PLA g 2 WA s 1 07 B 5 7%
W T BB T B2 AT SR U, B T T 1 PR AN B R R R THIIR BE 4, AR

BRI E ] T ARG T RN AR, BARAE N — ST AT

FEASAHIA T RE A, AR FRETIGE M RSB, EASFI B Ak T AR 1
K, it PMV (Predicted Mean Vote) Fi 45 AT BATE T 2 B H 7EIX — i F2 o A4
A RETEVER RSN . PMV 2 T AR RUR G bR, ERET
FEF]— 8T R ZHON RS T I ME, R N E AR &7 &R A T 0 HE ok
(Fifahr . PMV RH-EHIFEEARNR, BUATEE-3~+3, 200 R 7 AN
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