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Discussion on the Application Range of the PMV Equation

XU Jing — feng
( College of Architecture & Urban Planning, Chongging University, Chongging 400045, P. R. China)

Abstract: With the attention to the comfort degree of living environment, the phenomenon of making use of
the PMV - PPD index within the ISO7730 standard to evaluate the indoor thermal comfort degree is more and
more widespread. Many papers about indoor thermal environment are based on the PMV — PPD index as the
reference or basis to research and analyze. But few people understand and pay attention to the application
range of the PMV — PPD index. So some people misuse and abuse the PMV index and deduce some inaccurate
conclusions. In this thesis, based on the analysis of the process of deducing PMV equation, the phenomenon
that PMV index is different from the fact in the high temperature condition is explained; furthermore the appli-
cation range of the PMV equation is confirmed. So to obtain the scientific and reasonable evaluation and con-
clusion in the process of research of the thermal comfort degree can be ensured.
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#ir. EREENITZEABRER  ZNURE S RRE S REE U R FRSHRE; R TRAA
AR BB,

BRSBTS PMV 23 LE ZRIGRE S RATR IR BN, XL BRI L RAKR
EBRAGE, BXBRFPHEA RS THENEEER, Bl L &SRB MFEREZBEXER, FiLHEL
B B, N THEHGAREFERER, N TR — M EREEE W5 S EREFE IR, Fanger TR
R THARANGERSFH TREFENRGEL R, FNREAFET BFRAFSRFERBER
ZEIHIX TR, ATITHE T B HAESR PMV 7R,

1984 £ EPRARMEAL L SR T W GRBEIEAT ST R AR HEIL T 1 1S07730, 7E 1S07730 tr¥EF
RAT PMV - PPD 8RR R IME . /33 ) B&K 22 FIHRIE Fanger i) PMV J5 8, BFHI £/~ T
1212 FAEFIE KL (Thermal Comfort Meter) Fi T WHAEFEMIWE . MR BI85 PMV ZEEN
RIPFIFN SWEFRELEA.

1 PAEFEIR A EARR

BEFEZLEP,EEA 1212 BEFERXCORNE PMV 185N ZIEFE, A, EHREF
HEFE—ENRRYE, EREHFESR:

1) BT 1212 PEFERKA K AL RS A BN & = P R B, e T AL PMV PF4
BT B AR B E AT tH N KRR ENE;

2) 21212 FEFE PR AL RS A— D PR B 75— IR AR B A R B, RE
BRSPS R R , BT Z LU SR [E] A BB IS R AR B BI AP RORE , R 5 #5147 PMV T
PPD ${ERIEEEL;

3) X FRERE FHEARBERKESISEN=ZABASE, REEET SR R TEE, K
PUERAE —E TS B A ESE, KT RN EA R, R A SR sk e 8 00 T A REMER i R BRILET 15
BETRPR (K& E S KT 3.6 kPa i, FES R0 b 3RABIARRL I BE) 5

4) 1212 PEFEDRL _ER PMV 1 PPD {HRFE — EEEM( -2.2<PMV< +2.2,5% <PPD<
90% ) , %3 T EAGFEIFOL T RIS TEA BT HER B TEAR 5

5) 1212 PEFERRBEA BARRAEFAE RSN 6E, R BBt TAE A 5 247 BB TR B, X Tt
[6] ) 28 A RAET A8 W A — % B R ME o

Bk, #1212 2EFERLXAETT PMV 8RB MZ W REFE M FEFE IF S AR, B EL R
FHEE B ZHRRA,

2 WitikiEsR PMV 51

i TGP I8 TR GHAT B H B8 4R PMV JU B FE7E—E IR R B, 2 & BRI
TR TR S 00 NSRS E i PMY BT RS BT IR PMY, BN B RT#EAT
FNHRETE TN T B A A T 8k

Fanger HHiH #4545 PMV 7B R

PMV = [0.303exp( -0.036M) +0.027 5] x TL
= [0.303exp(-0.036M) +0.027 5] x {M - W -3.05[5.73 -0.007(M - W) -p,]

-0.017 3M(5.87 - p,) —0.001 4M(34 —t,) - 0.42(M - W - 58)

-3.96 x 10"‘f,,[ (t, + 273)* - (7, + 273)*] - faa, (ty =t )} (1)
A 1. TL ARG (Thermal Load) , A& #5807 4638 AKSFIE BT 0 A 10 4 R BUH N RVE 2
6 B2, 2 B AR A AT AR B R s M I AR R 7 #4.38 ( Metabolic Rate) , ANA7ESMBEY
A2 B PR R AR R I B 2, W/ m” 5 W g AT SMiTh 2 (Work Rate) , AT 35 3538 B F X 5Ma
H U R (— BB N 0) ,W/m’ 5p, 235 S K 2S5 FE F7 ( Pressure of Water Vapor) ,kPa;t, iy
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£38 H24 . %k PMV 542696 A % B 15
A& B 2= S iR B (Air Temperature) ,C 3%, 24 & B 35 3% 9 F ¥ %8 ) B ¥ (Mean Radiant

Temperature) ,°C ;

> (Fi8;,)
= k=1

S F,
F, R B3 R B 451 & P33R T T 7 (Surface Area) ,m’; 6, , J 55 (6] Bl 45 ¥4 4% P9 2% T 1R B (Surface
Temperature) , C ¢, KRS R EBE ( Clothing Surface Temperature) ,C ;

. _35.7-0.0275(M - W) +Ryf,[4.13(1 +0.01d7) +at,) 3)
4 = 1 +R.f,[4.13(1 +0.01d7) +a,] (

R, Jy it BH{H ( Clothing Resistance) ,m* « K/W,(1 clo = 0.155 m* - K/W) if, MIREHERE
¥ (ratio of clothed/nude surface area) , iR FRAGERGHLIRERRF, MAKBESE@DRF, 2
HS;ED:

(2)

fa = F,/F, = 1.00 +0.968R,, (4)
dT =3, -22, Cia, AXHIH ZF( Convective Transfer Coefficient) ,W/(m? + K);
Y- {2.38(t¢, -t,)%%® 2.38(t, -1,)%% >12.1v (s)
© o lizaw 2.38(z, -1,)%% < 12.14p

v AKX A B9 XT I3 ( Relative Air Velocity) ,m/s,
PMV $ER U A RTER] — SRR T, B R B WA MBI, I T 5 ASHRAE B RRBEIR RE R —
B PMV R 7 SR COIBRVBERR R, I 1 R
&1 PMVEEOEBRBHFR

IR =% 8 L1008 WEE HE ® #
PMV {7z R -3 -2 -1 0 +1 +2 +3

PMV AR T XA —F R T AREHARBNE, HEASAZEFEEREET], PMV 54534
A—EBBREFA T ANKRME, I Fanger 12 T B AW R G 4t PPD( Predicted Percent Dissat-
isfied) FEARRFA AR ARSI BT 4, A AR 78, 4 PMV 55 PPD 2RI E &
KR HKRWT:

PPD = 100 - 95exp[ (0. 03353PMV* +0.2179PMV*) ] (6)

ISO & ASHRAE Z54H 41K 4 Fanger () PMV - PPD #8545, L€ Z W R IF M EF R MER: -0.5 <

PMV <0.5,#H57f¢) PPD 2§ :PPD <10% , MIKERE#EH AN, LREIRERAE , AREBAT KX

MELASEER, T HAR B . FTLA—BIA N T LU Z T & IR A PMV 25 - 1.0 <PMV < 1.0, M 9
PPD :PPD <26% ,

3 PMVAEMERTEHE

3.1 EERRH

R PMV 58, A TA R EE G SN N E SRS, 8, p, 0, G EE AR B3
&SR ST A H BUE , B BN PMV (A28, R 58 TR BT LG BB AR5 6 PMV -
PPD ¥R, AT AT GEAIXT 2 PIRAETIE HEAT IR MRS, 36 00 22 A U 63 P AR S AT B

BREERRBHESLT ,PMV J7 A RS i R BIR R T AR SFIE B

1) BEZENEHIFIE N, =1, =34 C,p, =1.8 kPa, L FWESN(THE) ARKI M =70 W/m>,W =0,
BEZERINR,=0.062 m’ - K/'W, WXt FENESHIRHE o RATHATHRE, HE PMV FRIFEHI
HARLEY PMV {8, XFER T =S v 5 PMV - PPD fE4AREZ B R A 1 FimR,
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FEEREv/mes? FEEREv/mes?

B 1 ZSHE v 5 PMV - PPD f54RE 2 MK % R E

ME 1 BATATUE B, ¢, =7, =34 CHELLT,PMV - PPD iR {HFEE = SR E v K KTEK,
BPBE v 3 K AR RSB R ZE , AMTBSIEH, HELRFRERIFEMN, ERESANER, ZES
SR E N SKIBAT 34 CHELB RS, AT AR AN B RE D s XS TRER, a7
—EREBEN(FRE5RBAMCKEAENRRT) NEBK, AMTREBR G, HEHE R
< BEE R A3 0, IntR T BB R IRN AL , HE T SRR HE, AT AR B 1.

2) BiREHNIIFIE R 1, =7, =34 C,p, =1.8 kPa,v=0.5 m/s, R EWEZ( T4E) ARKI M =70
W/m? ,W=0, AMAEFEEN R, ,FET PMV HFEHTE B AN PMV #, XAFRT REMRE
R, 5 PMV - PPD #84r{E Z B AR R ANE 2 PR,
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B2 JR3e#AfE Rel 5 PMV - PPD $84R{H Z B X R E

ME 2 RATATLIE S, 7 1, =1, =34 CHHE T ,PMV — PPD #45{E R MR35 50H R, A3 K TR,
BPBE R, i 38K AR BT B I, AR R TR A — 6, (EBRSTIIR Rtk , B AN R
TR, RE A —EREEE 58 FEIRERRR, BB E EREE Fg,

BT ZERBAE R T, s o i/, PMV - PPD $545(8 % /)N RS R, /s, PMV — PPD
SEARER AR, FIFE PMV FR2HEL 9 PMV #5458 B 2R 8 IE 8 95 B A% SR8 R 4735 78
B, B S SERART &, B, FEXMERT PMV FRESTEEAT.

3.2 FERNBRSSHH
Fanger (] PMV J7 2350 | i Fanger BIGTIE B R SERN . KB,
M- W =3.05[5.73 -0.007(M - W) —p,] +0.001 4M(34 —¢,) +
0.017 3M(5.87 —p,) +0.42(M - W - 58) +
3.96 x 107, [ (¢, +273)* — (8, +273)*] + fua. (1, - t,) (7)
FEE MRS E AN TR TR AR, T PMV R ERA R B R E R TN
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F3 M4 HFo %K PMV S ME AR _ 17
RO SRFEMBRZIAHRRERHRE, PMY TRSAFEHBRZAMERA:

PMV = [0.303exp( - 0.036M) +0.027 5] x TL (8)
Hep TL ARG E HBELXMHZ %,
RMALTIE F B EA AR HEREIMFHEN . AMEHBREEREIRN .
M-W=R+C+E (9)

A H: R N85 #%#8 (Heat Loss by Radiation) ,W/m’,R = 3.96 x 107°f,[ (¢, +273)* - (§, +273)*];
C Jy3t i 48 (Heat Loss by Convection) ,W/m*,C = f,a,(t, - t,);E }7& K B E (Heat Loss by
Evapouration) ,W/m’,

E=E,+E +E_ +C, (10)
A E, R B REYK 5378 & BB (Heat Loss by Skin Vapour Diffusion) ,W/m? E,, = 3. 05(0. 256T, -
3.37 - p,); T, AR BFEMEIRE (Skin Temperature) ,°C,T,, = 35.7 -0.027 5(M - W) ;E,, HFBHZE
R EIAE (Sweat Rate) ,W/m® E,, = 0.42(M - W - 58) ;E,, JWFR i 3% P83 & (Heat Loss by Latent
Respiration) ,W/m’,E,, = 0.017 3M(5.87 - p,);C,.. KW & B # 8 # B (Heat Loss by Dry
Respiration) ,W/m’,C,, = 0.001 4M(34 -1,),

RIE LT PMV FENESIERITUE L, ZAREAE E ENMEABHNES, X T8 K
RRERE T, T RERBAR E WAL RBRBARFENEE THTH, KT, ME, R5AKY
PR RE X, BE— M EEAENE, BHik, HH3; e, =1, =T, =35.7-0.0275(M - W) it , Bit K&
v FUIRBEABE R EAME, HAL5IHE PMV - PPD $54RE AL, WERRLY ¢, =1, =T, B, AR5
B ER R ERBRFRENER, AMTERIREZIHNRBENEZ D, B LIIFHRRE LR, BBEE
RERRFHIZ,PMV IR A S RAERE, MY, =1, > T, IERENSMIRE A KRBk
TV W85, ) o R XU 0 0 0 PR BEL B I T {5148 PMLV 35 AR AR K, (B ATIRBIREFE T -

Xt FRPE T B SRE, XENESFERIREHR, HEX LR ERHEEYE. BABREML
AEA%R? REEFEE:

1) PMV R FE BRER TN LRGSR RP W REFERE,

PMV AR NS ERE T R E BT R, B TR LA ETIE IR B 1 A
SHERE, K T, M E, MitEARXRERIHEF SR T MHS HRN, X FAFERFETHAR
HEFHITBIE;

2) BAFEBIAANEE SRR,

YA TR, BAESTIEMBENY 3K, IR TR E, B8 R AREE , M in Bz ik w3655
BB R . IR AR AN BB ) 5 4k A BRI BE 7, SR & 08 B Bk i 1, 58 O 728 R R4 € B R O A
BT ZERORME LT W0 MR 2 A BE O 0 SRR R £ 046 R R0 3 R 0, DA T84 38 A i S R
WEBHE B NMEMRAETER, HSARLTRIET, WE Sl LT SRR kg
B0 B, BRI B R IR BE LA A HR SF F AR 5%

EREN T,ME MR AXRERERTERE T WIS LR, BEZEBARKRAT Z5E
AEF BRI P FIREMIER, AT N T PMV $84R7EASEF & PR 8E AT 1R B 38 A -

3.3 EREBENSH

BT PMV FREEN LR AT RS IIE RS MG TS HRN, ARG ERY WS
B BB L W2, X E A RETEE TN BB TR, Fat, B FREFEHE P RAF SHEFE
B BZ ENHAEE —ERNRR , £ ETEENH T LUEL R AR B IR A E IR

{HE BRIAE R PMV 15505k P 2 AP R BBIFEA BT PMV J7 824 5 593E A3V BB A0 = BR 4
HBEE IS TR, 2% F PMV FRERITE A PMV $545x— 6 4F:E IR 34T PEMT , 35 LU SR BB
BRI ESBRE HREYZK T PMV ﬁﬁﬁxﬁiﬁﬂ:ﬁ*H‘!}%Fﬁﬁ,b&ﬁﬁﬁtﬂ~‘§5§€ﬁﬁ§ﬂxﬁ
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HIZEE

B — P EE B A XA —E M E AR, A —EWATREN . &K LR, PMV FEFERA
TN PRI SFE R, MIEAFEWRE, PMV FRIERGELFHE

1) At e a4k F B g PR 28

PMV $#&F3E 7 R 8 76 AR A B IS AT AR S Al i) fUUER T RINF REBAERS
MAET , BAEEFHRRM BN TOX TR0 B AEFE B TF0 WA EH PMV #5147, 1 £ 5k A
X1#3ER RWI( Relative Warmth Index) FI#45i2k 38 HDR( Heat Deficit Rate) S H& @ — 263545 ; i X T
SARINE R AETE TP A F R R bR

2) RBEEREMBAEIEFENKERE.

WHERRERE T, AR R LA T IEEREIRRE , X TH B SRR AR5
I B BR R ENR B AL, A X RATHER , AT RIS PMV 15RO HER TP

3) ANERAEEEFENBREANTER, '

X FHBEFRERBARE E, WAXFRRUERL TIERBERTFR RN, WX THEHE S
B E RES I REHET R, BA X WA R, LBUY W PMV #5550 0 HEmatE . RBlRER
FHHTRE LM EGT , REXE T LU — B E L RE AR RETERE, B4t TEFEBRFER
To (BHFELR, BARSNESHMBEEATENE, HEREFXMELEAL TEFEERE, B TR
TR o

Hit,PMV EFE T BRE RN RRAE : NMERERBRE T, T BERBRE E, SR EERET
ERETWHEEZ P, Y AREREERET (205K IR E A Rl FEK, R K & HT) i, PMV J5
FRIUAS BEMERA ) SNt ST E BB B I KD

PMV FREFTHHHEK PMV #IR B R R T HMAFENANEE ENRZE T HE 2K
ERYmEE, O RARRER AR RS RMRFEEY , Fld T R RBELNIK,
BUAT LA 5 2 A AT T% 204 S0 B0 5 P 0 B A W RE O , ZE XS AT R TR, AT PMV $84R 10
BAE RS S 1 2t AT 18 DL AR, TERIE ST @ AR T, XA —E BT, Bk, %
RRIER T, FEL BB EREHRXT PMV 18R0E 0, BB 28PN A5

AL HZEX PMV FREGRAMG TAERREOHT T 47, X T KRG8 B RRE T R
RESEW PMV FREMNEFGE, BRE#THEAR . B0 TR ERREMTFREARE
b FIRIEH T WHRINE ,, R A RIE 18R TS5 &R, BT/ — PRI
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