F T NARIER & B = A TIARGE S N R GERIN R
ZH A

e e e
VR TR, RSSO, BT
(BEZHiE: 18817552011 , FE-mail: hu39517@163. com)

1. Mk

AR, BEE N YERF ARG IR B M TR 1 5 HARYS, T8 G &7 @ i AT A H A 2 RS R
GL(HVAC)IZEM# A H A R AT BS I — & 5. SR, DR ETERBEEREMRRF, TR
S5 (I FE L B 15 A A AR FR LAY 40%-50%" 0 [R5 T R G BERE, X S Py s A R K A O
REefEHE R, WEON 7 AR — A R 2T

H—T7H, AER— AT ERRIENR 97 B R BAEBAIARIE, ETE S B 2 I R R A
AR R L RO AT AT B Y AT IE R AR T, ZER R B M X & R A 26 A S S e it
I 7 A L B AT SRR L T BRAR . AR, S Ak b i E P S T R G AT A S DL R AT R BT &
IR . — T 34,000 45 17 3 R4 X6 LS A5 22 (R A R BT, AT 39% K AR L T4 ah g 2 U
FI, ZREEE, FIREBSFBOREREIIRD . ETXMEN, —F LA SHIRAEE N ER S
(Task/Ambient Conditioning System, {AJFR TAC)HE 18 H I3Z 2 A Z W ANMFI FRIE. ZRGKHEE
P ZE A P A B —DNEUN I XR A, BB ) B AR XA FE X, RO X N AR AL, AT I8
b % i {5 B0, Mao Ning 5 A\ 36+ PR FT/E X IR TAC R G814 R BATIE U R B, AR50
SRR R RL(FAC), TAC RETEMETE . 8 R KT B BOR 5 A0 AT S 4 i . AT Sk oK
£ B EE A K BT S8 T, T T XA DTS i B AR st A ek

R, AHE AR H T — BT AR IET & 2 40t THAR B 170 T 07 B bR X0 XU PR v R4, JF
Wik COMSOL BRI 7 HA KNG B AR X RIS ARG . T2 2% 5 4 Z=H P A R
ZEe, BRI AEE TR A T L @ ARE RS TBS, IEARE. AREESEA RSN
CFD 5T, 25 ZH06F il v R I 5 w3 B AR, 1 ok, FL 48 B SERr i) 2l ot i — B B 7R .

2. R/ SLRE

FI AR R B A B AR BB TG AR BE AR 7V 248 1970 4 th Fanger #ARAR K PMV T T 521
RO ZMEA SR A R T TRRIREE . PIRGTIREE . U R L A FE ORI PR A X
ANPEEARZH, B A RER R AR B — M T-3CEARF #) = 3CRR B Z M KU E, Jerb 0 FoRfhohit.
[FI B AT BATH 543 2 55 — A M T 30om NBE T AER & ANl SRR L IO M S48 A5 PPDCT B TN AN & 5. 4
—0.5 < PMV < 0.5, PPD KT 10%, BISbfEm ~ AR AT 90% 0 A 4% 2 i BB 2 Y. At
T IR B FAET G 15T A ZORIE T Parsons M5 AHSCE S, 75 (/£ COMSOL ¥ ft i BTG 2%
PMV i, 3 FRERM N EBOREERA T PR 5T RE TS A SR B AR T,

I, ERZFHA TOR, TR CHRAEIE A KN E A, el T2 2 E D7 40 B R A
FIARTE RO, A A R AR AR TE A S e kv IR o DRI xt T 55 () B AR O 2208 2 R EE AR AL, B AR 2
THG R, EHTERE N TR E D Z . XTI B R RSE S AR, DURIE RS HU %,
RESEma B URAT R L VR, BETR R B AR RERSZ . AETIE, RIS RS AE R B R A E
2%,



3. FEWIUIRE / BUERER / iR/ 5k / A APP IIAER]

BRI R A 1 R, R ARTE S A IR R TARIE TR, £ 4mx4mx3mf) s ) 15 R # g 1
AR NARBRL, L UATRFAE S Xl B A A AR S o AR R B R BRI AT B, IR A
PRJE N7 B 0.1m Ak v BB A 1mx 0. 1m BT A H KU o AR S8R T 2 MO R R Be it
AFESLOTTIE . SCOBRITE . 20BN IR, HHENRA T XZ R R AR, BIE
TS ARy > omfgEANTHS0E, T 20 PR B 1 5

ARO

Bl 1. CFD JUfaf i 3!
AP R, —WIHRESHR AR AR SRR E TR, EXE2REXNSHTD, ik
1 .
* 1. WERSHBUE

8 BfE iR

Il 0.6 KA TR

M 70[W/m”2] T RAR T A

Phi_a 0.6 BRI

w 0[W/m”2] 55 &) At

h_body A[W/(m"2*K)] (IR ALY
T_in 19°C N R

r 0.15[m] [ P [ 42

S 0.2[m"2] [ 24 X, N XUTHTAR

HARIPUBURTE PMV AR TR S, RS AEZER LTI, h_body BRI Fr i
BEA. JFRTNEFR A R~ S5

H TR HB A P 0 PR S, AT ep AR AE M — TSI, PR % A R R T TR A
SO N A T U5 A SRR, O A R R, 7E TS A R IR %
B, A A AT

TERE BT, % 1 PMV o /R 0] 22 [0 T E% SR FE T, AE 4B o /2] 7 2 o S . )
I E T TR TS B R ey, W S A S T AR A T BN B ) S B EER, BE T % B A4
A, IR B B A SRR = 0 AR, S [ 5 (R 4 R B h_body 5E G TR R AGE R . A\
PR E IR T in, BRI 9ERIN SR, [R5 A AR BRI

TEVRARI AT, T B A S AL T AR RS S, AS AT R VAT R LS. RN



FOFSR A T ARk — AR R, SR It 22303 Realizable k — el SST 25 HAim i B A, (H3%5 & B35
B 1R] A RIS S5 0L, 5 B0 B T Atk — e B, DUBE BR ORI A TH I BE T R sl i L. 5o
TR RAE IR T, BTN A AR R AN T R, I Kb I 5 T R A IR B SR I S R
. [, RS E SR B AR RAE R E A T E U AR T, S R R
R LAENH — & o NI E T BT P10 @ R, WO SOnT LB E v s i@ &
5N AR L AR Q/S 5E Lo 13 FE BRI 5E Js H 11 o

PR 1 TSR A = 4R A TR U T3 10 N-S 72 (RANS) 45 & 87 R R e B sp I 7 AR T B, 45
TR

BB TR

ap . N
E+V (pv) =0 @)
[F--WR
pCy -+ pCyB - VT + V- (—kVT) = Q (2)
eI
6_17_;,_ (".V)"_
Pog TPWIVIV=
Ve {=pl + 4 V3 + (V)] =2 o w )V T =2 kT + F + (p = preg)d (3)

[ B £ 5 AR ik — el AR AL, A

ak .

pE+p@~wk=v[QH§9VQ+Pk—% (4

a - 2
p6—i+p(v-V)e=V-[(u+i—:)V£]+c51§Pk—c52p%,£=ep (5

kZ

Wt = poy— (6)

— — =NT 2 =N\2 2 —
Pic = ir {V9: [V + (V)] = 2(V-9)2} - 2 pkv D

RN, S AE rT LU AR RPN PMV S25{E, B E Pl i Ao T4
AT AS, IEAIR AT SR B A BRI AR RIS H A AR 53 D9 S B AN S AR W 8 53, BB B 4
BRI U R . N B AR T AR P R T 2 G A g A S AR B, AT J AR B ) 4 J) 1 5 o B
KW PMV WS HEAA S E. BT RE TR 7 ERBORT U OB 24, Sehafs 21007 5E
FFAENAR BRI . WO, T2 LR ) 2 RN A, BRI PMV 52 300 7 A B3R 5 2

=

H o

FE LA LR A UL 2 R B 22 N A L Ak, 30 R B AE S HO RN T — bR K ek 0 A7
W, DR LTI T, AR A U S

FEREAT AR X o3 A1, R TE JUART 5 1038 3 19 % 42 3 1 77 V2o A 22 9 s IR o 7 = A Xl TS
ANRASLTT « NRJAL . TR TEXT S5 REEME NSRS T BRI BRI D T 4 99 4%
TR R A A0 AR 320 6 B A S0y X3, W B B AL VO T AR MG, B KB G K/NASEE T 0.04m.
S NART FE R SR T AR AL B o BRI AR £ 60 T3 o 6T RS ITRE RIS, 38 1 in 25 9 A 22
160w AT T LS, ZERBRZRAKR, ATLCRH 60 75 Wk i) 5 B #EAT 15

AL CPU A 2 B Intel(R) Xeon(R) CPU E5-2696 v4, = 1% 008 44, L% 88. i1 5HL N 174 64GB.
PRt B —4 Case THHEIIFIIRTIZ)N 2 K.

KRFEHEES, GREERATSHARNRE, DLy E RS — AR SHCE IR 2 5 1



XFEG o BRI B AS SRR A SR AR, 45 AL L (RO )20 B B R 10 AP BL 1s I IAE G, 10-30s BEKN
LA 5s — . R as R Ml a0 D AT R, HAZMY g Eh. 5 ABEfEs, X T4 case
FLAR SO 2 /i S i) PMV BER (AL HOAE,  BOULSE A AR VB2 BB I [R) AR AL K A JR i %5

4. SKIREER / TRER / vhig

Bl 2 N —AMARAfE case THETISIOEE RIBR R . T LA HY, 74280 e T4 46 JRE R0 B g F) 00 8 R 3 5 i
ERYL, AEIR AN AR 5 NUEE [F1 7 170 S A0 17 s 1AL B e — #2023 IR o5 o)t U D5 TR0 i 5 e VAR DR
(R — M0 e T B A G 7% I A8 3 R BE T T AT, 356965 53 8] 2200 AR LA AR T S TR B it «
O = R B TR R I LATRHE, B sl e e i AR E S . AR5 N T 2 A A
FILFEA, AR B A

degC

25

V17

(a) FREELRERE

m/s degC
/| A0.85 A27.9
L o8 27
,,‘/,_ 0.7 26
b s
,,,,,, pr s ) 25
F T S R T S I A N v 0.6
N
AR A A AR AN [ 24
A AN tor o 05
[ T T O A B Y A R VN tr s 23
| Y A S N Y A B AP tr s s -
{1 O Y Y A A A V0 &2 ==y 0.4 22
IR I A I AN AN 17—y,
[ R T S O O S B Y 4 tr s~ 21
" N 0.3
1Hﬁ11r1///§ vrrr o)
\\\\1!?////\v \\\\._,/// 20
\\N\N Vs N\ N SSEEESEE 0.2
_._\\\\//,_._t \f//\\\\\, 1o
P —— -
e-t.— ! R\ o1 .
~ - = \—’———.—O—.—*"
z 7 <

v286x10% W17

(b) y=0.05m #MEE =H, #HEXKER
& 2. Q=160m"/h [FFF AR 45 5ox 2 E



4.1. ROERKEW

—
—
—BLER
— 7

B [)t(s)

B3 UL AR 74 RCR 5

TN FEZAS, A TT R SRR 30s {8 A MAHGET IG5 BAR X AR E IO BEAER

4.2. FRRAOEMLER

AN 27°CHT 30°CHFMF L N AT T 5 I RO RSHIFE . L RoR KO8k

Time(s)

(a) V=0.3m/s, T_i=27°C, TSV

—L=0.75m
—L1=0.8m
L=0.85m
\ L=0.9m
\/‘_;
10 ;}\ ——m 75 =30

Time(s)

(c) V=0.3m/s, T_i=30°C, TSV

0.50

o
w
S

Velocity(m/s)

o
o
153

0.10

Time(s)

(b) V=0.3m/s, T i=30°C, Velocity

Time(s)

(d) V=0.5m/s, T_i=27°C, Velocity

30

T RS R, B 5 AL B I R b BRI 42 R AR B SRR AR S ARSI AR R S L G
LUK PMV HSEEERNLAL S . AT =, TR RN, AR B AR BT AE 10-20s PRI
FUMRFGGE, BEJR PMV 5 EEE A USRI T R RS i@ T . (A5 A SR A TAC 25t

FEDRIF N WHAR — € (E 00T, B 1 DU R A FTAR N D00 LR N RS Bt ATt 7.
3LEREIR, EFRFERENSEAE T, BRI S e T R st g - A 2 % &, (15 PMV 2
SEE AR A, S X AR T2 AT, RS 78 2 407 S J6 R I 8] A A 2P . (HEIR, 20
Pt AT i BAT v SRS A T TR AE AL

S 905 SRR O BT, BERLE A T V=0.3m/s 1 V=0.5m/s PiFEE, EEREEVE T i 5

35



B 4. D7 TR KA R

K 4(a)FKRIEN D RGEN 0.3m/ls, HIURZEEN 27°CHITEI T, AAHUKAZ$5%(Thermal Sensation Vote,
TSV, 1 PMV A ST BN ARG s . B KD IZWTE O, B L oK, FRsEr) TSV MK, #
ARNAEF A RIRSZ o X0 T Rl RURGEAAE, KRR, Sebr AR, B
WA EEROK . 45 A B B R A LU ) N TR IR O AT 38 1 o RS (PMV=0), USR] L=0.45m (¥ i+ EP
Al P 4(b) AR B AR T RGHAE, BT CLR TR SR AE T, RaE T 0.3~0.4m/s Z [8), X+ H
kR RGN 5 AT 7] A 52 18 L (0.8m/s BARY).

ST 4(a) 5 1 4(c)rl A, 25 N HIRGIR B T i, 1200 X BT LR TR W DAZE S I 1] 9 38 SIS 4, (H
JIT R BOIA B R HE, ik B [FRE RS2 BT 7% (00 A D K/ MBAR RIS K . XL 4(a)5 4(d)MIAT AR IR,
T I, R RN 7R SR A BE 2 A o KR R R A A R T 5 A R A, X XU B
1% B FVRE 16 KU B 1 RS T SRR T

43. EFROEDLER

—Q=50m"3/h
—Q=100m"3/h o
2 Q=160m"3/h
Q=180m"3/h
—Q=200mA -
L Q=200m"3/h z,
= @' —— "
a ; Q=50m*3/h
°! i , K —Q=100m"3/h
o1 Q=160m~3/h
4 Q=180m~3/h
—Q=200m*3/h
0.0
0 10 20 30 40 50
fif 18] t(s) R i8] t(s)
(a) [n] IRV PMV R B AL (b) 17 T 28 XU I i o A

5 2R T XU AL Q AR 4 R
9 BE BRI T ¥4 B N AR ET @ HUREIE, BB T [ FR TR A A SR P X 0 RS 773, 43
BT AFNRGE T AERIEZ AR, SRE S P, TLVEH, BB OREIE50~200m3 /Rl
Bz, FHIET R ERXERE PMV A DUSEITE—1.3~0.8 2 A4, . [ERF, BIH7E TR B2 KX FEAM AR
IR ERBEZ KOEMTE LT, 2R E T AR AR MR ZAE0.3m/s /o7, [FIRERE G 7 XU 58 i SR 1
K.

5. 45

HRLEH] COMSOL HAX Bir /& Wt 7T 1 THUARGE Tl (R RS E 7, A 78 e B 7 AR E RS
ERSHT NG ERE TR A R e R BTN, BRAEAMGH AR T ZE AT
PMV IS, ABL T HoE T XA E IR AE, RIS D TR RSE s B A6 L . &R SE
SHIIAT 7RIS, LR T BE MR Gtk A R R IRIETHSEAE R, 7R I X
DR, EHFLOLFEEIAR ORI & — @R E LR RCR . RN TREFE =N T, TiRkik
M FR G R TR A 2029 100m™/h ) 19°C A< I B BRI A pR DRk TR P3RS, ISR LT BUAT (1 B
2 202 P L OB (20 600m>/h) A ARK IR o 488 (K F 046 7T B 25 88 N IXUIRLEE OB, LA R AT SRR B
Z KRBT TR S .

22 3k

[1] F. Zhang et al., "The effects of higher temperature setpoints during summer on office workers' cognitive load



and thermal comfort," Building and Environment, vol. 123, pp. 176-188, 2017.

[2] S.Liu, L. Yin, W. K. Ho, K. V. Ling, and S. Schiavon, "A tracking cooling fan using geofence and camera-
based indoor localization," Building and Environment, vol. 114, pp. 36-44, 2017.

[3] N.Mao, D. Pan, M. Chan, and S. Deng, "Performance evaluation of an air conditioning system with different
heights of supply outlet applied to a sleeping environment," Energy and Buildings, vol. 77, pp. 281-291, 2014.

[4] N. Djongyang, R. Tchinda, and D. Njomo, "Thermal comfort: A review paper," Renewable and Sustainable
Energy Reviews, vol. 14, no. 9, pp. 2626-2640, 2010.

[5] D. Enescu, "A review of thermal comfort models and indicators for indoor environments," Renewable and
Sustainable Energy Reviews, vol. 79, pp. 1353-1379, 2017.

[6] C.Karmann, S. Schiavon, and F. Bauman, "Thermal comfort in buildings using radiant vs. all-air systems: A
critical literature review," Building and Environment, vol. 111, pp. 123-131, 2017.

[7] Da Li and V. R. K. Carol C. Menassa, "Personalized human comfort in indoor building environments under
diverse conditioning modes," Building and Environment, vol. 126, pp. 304-317, 2017.

[8] D. Pan, M. Chan, L. Xia, X. Xu, and S. Deng, "Performance evaluation of a novel bed-based task/ambient
conditioning (TAC) system," Energy and Buildings, vol. 44, pp. 54-62, 2012.

[91 1. Du, M. Chan, D. Pan, and S. Deng, "A numerical study on the effects of design/operating parameters of the
radiant panel in a radiation-based task air conditioning system on indoor thermal comfort and energy saving for a
sleeping environment," Energy and Buildings, vol. 151, pp. 250-262, 2017.

[10] H.Zhang, E. Arens, and Y. Zhai, "A review of the corrective power of personal comfort systems in non-neutral
ambient environments," Building and Environment, vol. 91, pp. 15-41, 2015.

[11] N. Mao, D. Pan, S. Deng, and M. Chan, "Thermal, ventilation and energy saving performance evaluations of
a ductless bed-based task/ambient air conditioning (TAC) system," Energy and Buildings, vol. 66, pp. 297-305, 2013.

[12] P. O. Fanger, Thermal comfort: Analysis and Applications in Environmental Engineering. Danish Technical
Press, 1970.

[13] P. Lenzuni, D. Freda, and M. Del Gaudio, "Classification of thermal environments for comfort assessment,"
Ann Occup Hyg, vol. 53, no. 4, pp. 325-32, Jun 2009.

[14] K. Parsons, Human Thermal Environments: The Effects of Hot, Moderate, and Cold Environments on Human
Health, Comfort, and Performance, 3 ed. CRC Press, 2014.

[15] Y. Xu, X. Yang, C. Yang, and J. Srebric, "Contaminant dispersion with personal displacement ventilation, Part
I: Base case study," Building and Environment, vol. 44, no. 10, pp. 2121-2128, 2009.

[16] R. J. d. Dear, E. Arens, Z. Hui, and M. Oguro, "Convective and radiative heat transfer coefficients for
individual human body segments," International Journal of Biometeorology, vol. 40, pp. 141-156, 1997.

ot

J&if COMSOL Multiphysics 81 J H A AR SRR 11247 TRE TN T AHE TR S8 By o BRAF S A
PEAC AN D RE (0 4 T PE AL A AT TR AR TAR SR B W], RAERI . AR N G ARG i 2 th oy AR A7 5
FERE I T — K.

[ i B 0 SCHRE AN S s RS A 0 S SRR, S T AR e R ) 2 P 35 Bt A 4 7F 7 11 077 10 B
VEEANIIEEN



