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10 — IR IR B MEAR A voit e AedE
1 0.00 0.00 0.00
2 0.00 0.00 0.00
! 0.00 0.00 0.00 3 0.00 0.00 0.00
2 0.00 0.00 0.00 4 1504864.88 | 58295463 | 208781951
3 0.00 0.00 0.00 5 2253462.67 800648.68 3054111.36
4 1684789.06 | 582,954.63 | 2267743.69 6 2499156.07 876962.19 3376118.26
5 246576522 | 800,648.68 | 3266413.91 7 206132559 | 1026681.98 | 3988007.57
6 2673926.23 876,962.19 3550888.42 8 2827958.37 980635.94 3808594.32
7 308509776 | 1.026,681.98 | 411177973 9 2324234.11 817191.47 314142558
P 207318558 | 98063594 | 395382152 10 1927918.93 706283.86 2634202.79
9 2524268.99 | 817,191.47 | 3341460.46 1 0.00 0.00 0.00
. 12 0.00 0.00 0.00
10 | 215865037 | 70628386 | 2864934.23 1629892063 | 5791358.75 | 22090279.38
11 0.00 0.00 0.00 73.78% 26.22% |  ————o
12 0.00 0.00 0.00 236
17565683.21 | 5,791,358.75 | 23357041.96 T
75.21% 2479% | --——- -
234 A 13 — R BEAR A GBAT IR
T 1 0.00 0.00 0.00
F 11 — iR R4S A AEAT 2 0.00 0.00 0.00
3 0.00 0.00 0.00
1 0.00 0.00 0 4 907529.64 408557.05 1316086.68
> 000 000 0 5 1357233.91 | 551337.13 1908571.04
3 000 000 5 6 1508591.65 | 604545.13 2113136.79
7 1783304.50 | 706213.04 2489517.54
4 684952.81 408557.05 | 1093509.856 8 1704568.95 | 67400144 2378660.39
5 1155479.07 551337.13 1706816.198 9 1405866.26 563502.31 1969368.57
6 1339673.22 | 60454513 | 1944218.352 10 | 1161417.46 | 489308.70 1650726.16
7 1660000.38 | 706213.04 | 2366213.416 11 0.00 0.00 0.00
8 1564753.60 674091.44 2238845.043 12 0.00 0.00 0.00
9 1216203.74 | 563502.31 | 1779706.058 9828512.37 | 3997554.80 | 13826067.17
10 | 94912083 | 48930870 | 1438438523 71.09% 2891% | oo
11 0.00 0.00 0 :0.99 0.66 0.1977
12 0.00 0.00 0 2.4 FHT BT
8570192.64 | 3997554.80 | 12567747.45 L _
68.19% 31.81% | @ ----- 2.5 ﬁxih (7R
1 099 /(kW . h) 0.66 2.6 #it:
/(KW . h) 0.1977 /(kW . h) 1
2.3.5 kw - 18
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14 BAPZIRFRATRTEE (FFEX)
KWh
32143615.76 --- 15286375.13 ---
23357041.96 27.34% 12567747.45 17.78%
0.99 /(KW . h) 0.66 /(kW . h) 0.1977 /(kW . h)
A 15 AR EEARAATRT FE (FaEX)
KWh
32143615.76 -—- 15286375.13 ---
22090279.38 31.28% 13826067.17 9.55%
0.99 /(kW . h) 0.66 /(kW . h) 0.1977  /(kW . h)
k16 AP EREGHRAERL (FT)
1 2376 7553 370 462 10761
2 2807 5721 312 391 9231
1530
1 2000m 2 3
k17 HEREAFAE (L)
1 1800/RT 540/ m’h 5280/kg
2 (600m3/h ) 420/ m’h 120/kw 1.25
3 (600m3/h ) 300 m¥h 580/RTH
1 2 3
2 1 [ 2005, 2 :81~83
22.17% [3] )
3 []. 2007 35 3 47~50
1 27.34% 17.78% [4] )
4 [71[7]. 2007,23(4):62~64
1 31.28% 9.55% [5] )
5 1 B
14.2% 1530 2007,23(12):27~29
3 [6] . [7].
2008 38 1 36~40
7 . [7].
2008 38 11 59~64
8] .
[1]. 2009 39 10  52~59
[9] . 3#
[1]. 2010 40 6
23~27
[1] . [10] .
[1]. ,2005, 20 :60~61 [7]. 2010 40 6  57~60
(2] . [11]
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DHCJ]. 2011 4 [16] 1.
42~43 2016,16 5 :111-113
[12] : [17] ).
[J]. 2012 32 8 :1~5 2015 10 17
[13] . [18] :
0], 2013 29 10 85~89 ], 2016 36 3
[14] CBD 2 15~18
[91. 2014 13 [19] .
6 :63~65 [J]. 2020 50 6 96~100
[15] [20] ,
1. 2016,37(2):66~71 1. 20182
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710061
2000m U
U
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[1,2]
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2000m U
[5-7]
1
[8] 2000m U
U
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1 U H 2000 m
100 m
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X U
Y 2020m Om X -70 m
20m 40m 70m Z 20m  20m
2000 m 22 1.3 ZAEa
20m 40m 18 U
I00m 1 90Om 1 50m
R 20
m
T o o TR
b ) Tem Tk 1- 1
| ey P = [
] ol 1=
- e BT a(pg)/ ot +div(pUg) = div(T ,gradg)+ S, (1)
i BALK 9, P U kg/
e m’ s ¢ U
’%;jﬂ.n | m/s T, S,
| Ansys Fluent 12
y / k-epsilon
bl :
| ik ; SIMPLE
X K=
A1 UARIZE g =& 1.4 KA 6y Anks B R At
1.2 JUTAEAR!
1 U H 2000 m -
D, 40m 140 m
h U
5°C 1.1
U U
1
&1 U RRIZE 04 JUATAER R ~F
R x H(m) D.(m) D, Do (mm) ® . (mm)
20 x 2000 40 1397 x 7.72 215.9
1.5 AZAEGE
(2] 634
GAMBIT U /m 320 /m 1408 /m
U 3600 s
[12]
Y
X V4
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[12] 1
3 R-1 S-1
2 R-2 S2 R3 S3 R4 S4 R-5 S-5 10
U Pn
5 2000 m X=0 n
°C 19.69 kg/s
72h il
360 h g
0 -'lll.
I"' reeceEES
TitH
5 é##-?’%
5 5 L} :i:ﬁl.-:‘ Fo S R 14 :‘:'l;ml:::l LT -]
2.1 AR BG4 IRE B RAR K (a) ZIULR-1ZS-12%+1:8BETEL
pr | -._.'.-.-;-'-i-'-'-..-.n
2 a
2b
e rhi Tty
2 (b) T R-2AS2%LBETIMERL
Tl -
19.69 kg/s 1.63m/s el
I | o
E ‘5!15-.11-1ﬂ-|'i!-|]-!*-|.l|‘r|'ii_"f- l o
" ;'.1 C T G e Tl R T ey
i T T {141
(c) I R-3AS-3%IRETENL
E—H
=
+ | A r T
gl Vg Chehi iy I35 T8 (M2 [6H EA A [48) [HD DRn e T
e ] T i)
(a) 3HEE (b)) £ELT (d) ZIJLR-4ZA S-4%LRETIEA
B2 UREE e R ERREY b R-5 S-5
22 EEHAIAR P8 LIRE TEL
[2]
2000 m
5 5 =
5 (T Il!-;-m TRt B B il 2 20
(1,1 R
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1 3 5 8 12 20m 73
°C 2 5

R 2 BNEATIRATEING R 2098 LR

P1/° C [ P3/° C | P5° C|[P8° C|P12/° C | P20 C
0 73 73 73 73 73 73
72 70.79 73 73 73 73 73
432 70.73 72.72 72.99 73 73 73
504 68.88 72.66 72.98 73 73 73
864 69.57 72.28 72.91 73 73 73
936 67.84 72.22 72.9 73 73 73
1296 68.8 71.86 72.79 72.99 73 73
1368 67.13 71.81 72.77 72.99 73 73
1728 68.23 715 72.65 72.98 73 73
1800 66.6 71.46 72.62 72.97 73 73
2160 67.78 71.18 725 72.95 73 73

/I C
0 0 0 0 0 0 0
72 2.21 0 0 0 0 0
432 2.27 0.28 0.01 0 0 0
504 4.12 0.34 0.02 0 0 0
864 3.43 0.72 0.09 0 0 0
936 5.16 0.78 0.1 0 0 0
1296 4.2 1.14 0.21 0.01 0 0
1368 5.87 1.19 0.23 0.01 0 0
1728 4.77 15 0.35 0.02 0 0
1800 6.4 1.54 0.38 0.03 0 0
2160 5.22 1.82 0.5 0.05 0 0
2
R-1
P1 221°C P30
°C
P1 R-1 5 2.21

°C 4.12°C 5.16°C 587°C 6.40°C

P1 S-1 5 227°C 343
°C 4.20°C 4.77°C 522°C

5
(e) TILR-5 B S-5 69328 3 th¥ vl ¥ 12
222 B 4 2000m R 4L K32 B B vy F 42 RS AT BT 18] 9 3
1t
0°C 4
[12]
5 R-1 5
2000 m X=0 2 45 58 65 75m 5
5
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S-1 5

55 6 7 8m

223

221 222

O=c*G AT
3 Q
J(kg'K) G
K

kg/s

N

w

W ¢

AT

&

=

1|"‘--,-

-
)

Nk

-0
=
|

ey

—
A

—_—

FHear st itensy (kW)

_ P
—
K

=

B 5 32E 5 AEATHE R RAGRE

5

714.447 690.075 678.219
kW
1.718%
3

1.127%  0.837%
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R-1

670.572

2000 m

o I8 27T Wo4F &ony Tr

5

664.960
3.411%

U
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710055
84.1kW
20.5% 49 110946 29357
126805 3.8
414828.3m’ 309316.6m’
41 7
« ” 1.5 34 102
85/60 1
m 2
Marangoni C%
33% Somchai Paarporn"’
1997
4] 5
40% 1/3
5]
AFT Fathom
Bl agkFaol
2
19.1MW
129545.5GJ 34
73872.9Pa 7.5mH,0
723.1t/h
10mH,0 10mH,0
36.8mH,0
1 6]
*7H
|"l'3. = T Hi 1
P— t/h |hll.|'. —
HEEWE: 2018SF-355 woI— 0.7
105.8KW
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A1 AP R&BAELH
Kg/h mH,0 w Kg/h mH,0 W Kg/h mH,0 w
1 19197.3 23.4 1780.4 17 10474.5 19.9 829.0 33 3717.9 25.6 378.3
2 12425 23.4 1155 18 10474.5 215 892.8 34 3712.8 26.3 388.3
3 4885.9 235 456.4 19 10474.5 22.1 918.1 35 9784.3 21.7 842.9
4 2793.1 25.2 279.8 20 10474.5 22.4 932.1 36 9784.3 20.5 796.4
5 11238.8 15.2 677.7 21 23813.4 21.1 1996.0 37 68580.6 21.8 5925.5
6 11238.8 155 693.6 22 4525.0 23.3 417.8 38 7428.4 233 686.4
7 22477.8 154 13779 23 6877.3 22.9 626.3 39 18799.0 23.8 1777.9
8 8477.8 24.5 824.4 24 2150.1 15.3 130.4 40 18026.8 239 1710.9
9 8477.8 25.4 855.5 25 9923.9 21.3 840.1 41 19568.6 231 1795.2
10 8477.8 235 791.2 26 19107.4 19.6 1490.0 42 22846.8 23.6 2139.8
11 10778.4 21.4 915.1 27 19107.4 19.9 1510.7 43 3673.2 234 341.6
12 6870.5 21.8 595.4 28 24128.1 21.6 2064.6 44 7346.4 23.0 670.9
13 12180.7 22.7 1099.2 29 3784.4 215 322.6 45 8831.0 24.0 842.6
14 12180.7 21.9 1057.5 30 20766.3 24.3 2005.6 46 8827.5 23.7 831.9
15 39217.9 20.4 3179.2 31 14833.1 21.4 1261.8 47 23482.4 239 2232.6
16 21843.3 19.2 1661.4 32 3817.4 25.0 378.9 48 23482.4 24.8 2311.0
56638.4W 48
7. S S ST — . BN
=T 1 2
L a "
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—iTa -
- 3 = R
w1 5
¥ 1™ - i b=
g B} T -
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2 1
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' f
ol ' P R S —
. i, i b B S e R [0 e jOrmy [ D T 3 B0
- T #| TWOLER
a T B3 RARFAIREAKER
- ]
i - . 1 |_ " { 3
2l . . o 3.0 I FRGHE
) L
- | .
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! N _r‘.._._'..ll'._J.'.:.-_-:.l!:i;.‘I
] r L | rE | L s
i . E |
j"l-: el
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3 1
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2
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35 35 24.4mH,0  24.5mH,0O
52234.4Pa 5.3mH,0
10mH,0O 21.7mH,O
842.9W 1 5 6 24.4mH,0
1 24.5mH,0 5 5
48 56.6kW 5
84.1kW 0.15mH,0 6
2
%2 RRAEREZEIZEKREEF LT
mH,0 kW mH,0 kw >
10 84.1 49 23 84.2 49 zmf |
1 84.1 49 24 84.3 49 |
12 84.1 49 25 84.3 45 Fio
13 84.1 49 26 84.5 45 B
14 84.1 49 27 84.8 45 "
15 84.1 49 28 85.0 45 T ——— -
16 84.1 49 29 85.4 41 B
17 84.2 49 30 85.9 38 L
18 84.2 49 31 87.0 28
19 84.2 49 32 88.6 23 -
20 84.2 49 33 90.7 9 e b
21 84.2 49 34 93.2 5 e
22 84.2 49 35 96.0 2
2 25mH,0 T g g v
45 EE
24mH,0  25mH,0 B 5 #RR244mH,0 B A 7 5 KER
0.1mH,0 = R
4 L
wt -
= - - - - — — .
. N e Y Ny : I'.:* p | 1
g % ] .
-i [ I
e ) [ - |
1 . i
@4 | | = E |
: T J | | | . . . . . .
- .. L] 1 n ' | L 3 Al =) e " H‘AT-.‘I
l..hillil-llillll" 'l‘ | @6 i}‘:ﬁ’ﬁ245mH20ﬁ)ﬂ}:’ 57J4/_£]§
. L L ’ 4
MENNR 4.1 HEGAEZ Gt T R FRAL
B4 FRRRRIGAERNKREDFEAKRKE
4 39039.8W
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25mH,0 42 FFPBEA R G fexT i
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2
||I'||I||| kW
.'1II.|I kW
20.5%
43 MR
900 /kW 300  /kwit
84.1kW
10%
. . 7 WL 2 A
C = 1.1 x (900 + 300) x 84.1 = 110946 1 ) 7 TRESERBRESN
44 FRA 24.4mH,0
N
M= - +T 3
c N
T
3.8
T =N,Ty(, 4
N, kW T, 5
h KW- / 0.58 1
KW- & 102 19. 1MW
15 129545.5GJ 105.8kW
119409 126805
45 FH5KE
J
[=24% (1-E) N,T,C, 5 2
E
'-r:l [11]
20
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[M]. : ,2003.
[2] Werle L O, Marangoni C, Teleken J G, et al.
Experimental Startup of a Distillation Column Using
New Proposal of Distributed Heating for Reducing
Transients[J]. Computer Aided Chemical Engineeri
ng,2009,27(09):1533-1538.
[3] Somchai P S. Local Pumping System[J]. ASHREA
Journal,2000,52(11):65-72.
[4]
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(0.3m><0.2m><0.25m) 7%/H* 5
5.5cm 6 o
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0.10014 0.09902  0.09926
0.016 0.028 0.032
0.09952 0.026
3 0=0.09952
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A1 FEFBSENFRE L
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20 175 255.96 37.3 1.3596 0.10014 1.3498 0.016 0.995
30 28 255.96 38.2 1.3749 0.09902 1.3608 0.028 0.980
A 40 36.5 255.96 45.3 1.3716 0.09926 1.3584 0.032 0.978
3.2 AR IR ke i 30cm t
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B 5 &Rz ARRSEEEEIE R
30cm 0.09902 r
23
. T
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Baines
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0.0990 3
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20cm  30cm 40cm zavs B
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20 175 1.3498 0.1001 1.35 0.0211 1.65 0.0454
120 30 28 1.3608 0.0990 1.36 0.0173 2.01 0.0260
40 365 1.3584 0.0993 1.36 0.0509 2.71 0.0504
100 30 27 1.8976 0.1029 1.20 0.0202 1.29 0.0272
80 30 27 3.0325 0.1015 1.08 0.0325 1.01 0.0335
33 HAFAAKRZIGHE
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I « [27] 6 r=124 261 3.93
r=1 0.09 r
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0.100 - § 23 FE Zays
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0.095 | Hunt I>0.5
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T
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T
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T
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a2 0.7966 0.08472 1.8232 rez=-fq°® (1+**+”**+ ***** -|da 20
a3 0.7820 0.08631 2.2602 S 5q° 55q°2! 55543
140 al 0.8573 0.09063 1.6993
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35 425 1125 23125
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1 1.0
2 1
Z s m =0.853r" ® 25 09
0 0.8
0.7
0.6
25 05 TS0 0=0.0587, Linden1990
I >10 zZavs z - - 0:=0.067, Craske 2015
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A4 PR DR EAS B LR AG5HT
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1 0.0041 0.3087 0.2929 5.39% 0.0036 0.3197 0.2936 8.80%
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r
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Baines
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h _— cm r —_—
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A1 mAREERGFTAM A X (REE, Kcal/ X )

Harris-Benedict [8]
66.47 13.75xWT 5.0xHT-6.76xAGE
655.10 9.56xWT 1.85xHT-4.68xAGE
Ireton-Jones1992 [21]
1925- (10xAGE)  (5xWT) (281 ) (292 ) (851 )
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Mifflin-St Jeor1990 [28]
10xWT 6.25xHT-5xAGE 5
10xWT  6.25xHT- 5xAGE - 161
LIU1995 [31]
5434 13.88 xXWT 4.16xHT- 3.43xAGE

Harris-Benedict
(o 10 11] Harris-Benedict

Harris-Benedict

[12] 9
2
Joseph-Boullatal*®! 395
Harris-Benedict
43% 1.1 61%
Cecelia C. Glynn™*®! 32 25

Harris-Benedict
10 11 12 13 14 15
42% 56% 60% 37% 8% 2%

5434 13.88 XWT 4.16xHT- 3.43xAGE - 112.4 1.2 60% Faisy 7
WT kg ; HT: cm ; AGE: OB: BMI 30% 1 37
0; HBE Harris-Benedict ;. Tmax 24
() VE (Limin); BSA m2 T 113 1.2 1.35
RR ! VT L 1.6 1.1-1.6,
1.1 Harris-Benedict X, (415.EHF )
Harris-Benedict @ 1907
136 103 94
4 2 Harris-Benedict =X, (414 ERF ) BiEX#kk
Joseph Boullatal*® 395 1.1 61%
Cecelia C.Glynn* 57 1.2 60%
O’Leary-Kelly [ 60 13-15 B
David C. Frankenfield!! 202 1.25 46%
Brandi 18 26 125 135 B
Faisy 7 70 113 12 135 16 A
Alexander [ 76 1.2 A
MacDonald ~ [*¥ BMI 30 76 13 16 21% 1.3
51% 1.6
Casati 9 55 1114 B
1.2 Ireton-Jones 2~ = 8 3
Ireton-Jones 22%-60% Cecelia C. Glynn*¥ BMI
1992 30-50kg\m? 56%
BMI  30-50kg\m?
= 200 49% BMI
33% 15-80 30-50kg\m’ 40%
43 [10] [11]
P >0.25;t Ireton-Jones1992
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%3 Ireton-Jones1992 /™ X I&iE Sk &
Joseph Boullata*®! 395 28%
57 49%
Cecelia C.Glynn* 32 56%
25 40%
David C. Frankenfield™ 202 46% A
Erin K. KrossMda?? 927 22% A
Frankenfield® 47 60% A
Flanchaum®® 36 -
MacDonald 19 BMI 30 76 28%
Campbell 42 -
Ireton-Jones 1997 PennState 1998 2
99 ICU 169
1992 Harris-Benedict
[24] Frankenfield?®! 24 PennState
36 Ireton-Jones1992
60% [25]
Ireton-Jones1997
Ireton-Jones1992
Ireton-Jones 3 4 (23]
Ireton-Jones1992 68% 95%
MacDonald™"!
Ireton-Jones 29% David C. Frankenfield™
62%
1.3 Penn State 2~ X,
% 4 Penn State1998 »~ X B&3E Sk &
David C. Frankenfield™ 202 62% A
Frankenfield @ 47 68%
MacDonald 1 BMI 30 76 29%
2003 Penn State Penn State1998
Mifflin St Jeor Harris-Benedict
Harris-Benedict 4 5 (019231 penn State2003
Harris-Benedict (23] 72%
Bl penn State2003 Mifflin St Jeor
%.5 Penn State2003 2~ X J&4E Sk &
David C. Frankenfield™ 202 64%
Frankenfield & 47 72%
MacDonald 1! BMI 30 76 39%
Boullata™ 141 43%
1.4 Swinamer
Swinamer [27) 1990
112 15
15% 3
Swinamer 6
24 10291 55%  54%
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(9] 45%
%6 Swinamer 2~ X ISIE Lk &
David C. Frankenfield™ 202 54% A
Joseph Boullata™ 395 45%
MacDonald 19 BMI 30 76 55%
1.5 Mifflin-St Jeor
Mifflin-St Jeor (28] 1990
[9,13,22,30] 7
498 Pierre Jesust®”
251 247 19-78 BMI 40 kg\m2
45 47% 53% 61.74% Erin K.
KrossMdal®? ICU BMI
80% 18.5kg\m2 17.8%
180% 2003 eltz2]
29] Mifflin-St Jeor
& 7 Mifflin-St Jeor 2~ X 34 L #k &
Joseph Boullata[13] 395 35%
BMI 16 1726 40.5%
Pierre Jesus[30] BMI 40 1726 61.7%
David C. Frankenfield[9] 202 25% A
Erin K. KrossMda[22] 927 17.8% A
1.6 LIUAK 42%
1995 2
223
121 102 20 78
43.8
B Ly
LIU 8 Penn
State2003 Penn State1998 Swinamer
1 Kaori lkeda 68 1
2 LIU
A8 fahFEygit
HBR 1J1992 PS1998 PS2003 SE MSJ LIU
0.610 0.280 0.620 0.640 0.540 0.350 0.420
0.600 0.490 0.680 0.720 0.450 0.405
0.460 0.560 0.290 0.390 0.550 0.617
0.510 0.400 0.430 0.250
0.210 0.460 0.178
0.220
0.600
0.280
0478 0.411 0.530 0.545 0.513 0.360 0.420
HBR Harris-Benedict 1J1992  Ireton-Jones1992 PS1998:PennState1998 PS2003:PennState2003 SE:Swinamer
MSJ:Mifflin-StJeor LIU:LIU
13 7 7 1 113 O
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2/5 0.4 LIU
1J1992 9
2
&9 1BE%it
HBR 1J1992 PS1998 PS2003 SE MSJ LIU
0 0 0 1 0 0
0 0 1 0
0 0
0 1
0 1
0 0.4 0.5 1 0 0
2 3.1 HBR 1J1992
Ai/ i=1 2
3...11 HBR Al/
Ai i=1 i=1 2 3..11 10
A 10 bk, fhEFXskEE )T — it A
HBR 1J1992 PS1998 PS2003 SE MSJ LIU
9 8 3 4 4 4 1
0.273 0.243 0.091 0.121 0.121 0.121 0.030
0.147 0.126 0.163 0.167 0.157 0.110 0.129
0 0.211 0.263 0.526 0 0 0
0.33:0.33:0.33
0.4:0.3:0.3 0.5:0.3:0.2
A 11 FEMREENXGGHELE
HBR 1J1992 PS1998 PS2003 SE MSJ LU
0.33:0.33:0.33 0.140 0.193 0.172 0.271 0.093 0.077 0.053
0.4:0.3:0.3 0.141 0.187 0.171 0.261 0.099 0.080 0.061
0.5:0.3:0.2 0.128 0.175 0.179 0.266 0.103 0.079 0.071
Penn State2003 Penn
Penn State1998 Ireton-Jones1992 331
State2003 Penn State1998 Ireton-Jones1992 Penn State
Harris-Benedict Swinamer 1998,2003  Ireton-Jones1992 Swinamer
Mifflin-St Jeor LIU
Penn State2003 Penn Penn State 1998,2003
State1998 Ireton-Jones1992 Penn State Penn State2003
Ireton-Jones1992 Ireton-Jones1992
Penn State
1998,2003 [1] Fanger P O. Thermal Comfort [M]. Copenhagen:
24 Danish Technical Press,1970.
[2] Luo M, Wang Z, Ke K, et al. Human metaboli
¢ rate and thermal comfort in buildings: The proble
m and challenge[J]. Building and Environment, 201
Ireton-Jones1992 8, 131: 44-52.
4 [3] Arens E, Humphreys M A, De Dear R, et al.
3
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A3 EIRFIA FHEGTE B IRIRIE LT 4 R

100% 20%
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PTFE
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ISO 16890

(P EBZRAMFHFRIEATRANS, LT 100013)

2016 1SO 16890

0
2016 ISO 142
ISO 16890-1  4:2016 10
PM
1SO 16890
PM10
PM2.5
PM1.0
2016
ISO/TC 142
1SO 16890
TS 21220
11S0 16890
1SO 16890 “
ePM

technical specifications, requirements
and classification system based upon particulate matter
efficiency (ePM) ™
measurement
of fractional efficiency and air flow resistance ™

3701 EFRARESEER 12020 10

determination of the gravimetric efficiency
and the air flow resistance versus the mass of test dust
captured @

conditioning method to determine the minimum
fractional test efficiency
1SO 16890
ANSI/

ASHRAE Standard 52.2-2012 ®*  EN 779:2012"

0.3 10pm 12
€pm
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0.3y m
2
1
1 ISO 16890-
2:2016
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ASHRAE Standard 52.2-2012 1
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_ 2im1Eqz3@)hln d;
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(a) (b) HE
B 1 ZAREPTALE IR T Ao if R A K A LA 125 A 4548t £,

F1 RT AR R AL KA L BRI TFRBRIAES q, )

HEFHRIAE/um KA B HORL T A Zflg Bd,
ST AR 42
) —Tj% Alnd, = i I
“m “m L i il ln(d1+1/di) ’
um

0.30 0.40 0.35 0.29 0.226 27 0.094 12
0.40 0.55 0.47 0.32 0.198 91 0.083 95
0.55 0.70 0.62 0.24 0.158 37 0.074 32
0.70 1.00 0.84 0.36 0.115 22 0.070 14
1.00 1.30 1.14 0.26 0.085 03 0.076 28
1.30 1.60 1.44 0.21 0.076 18 0.088 33
1.60 2.20 1.88 0.32 0.080 22 0.108 04
2.20 3.00 2.57 0.31 0.099 84 0.137 26
3.00 4.00 3.46 0.29 0.126 88 0.167 08
4.00 5.50 4.69 0.32 0.155 56 0.195 42
5.50 7.00 6.20 0.24 0.177 57 0.216 71
7.00 10.0 8.37 0.36 0.191 57 0.23143

R 1 ATRBE MRS T d ARKERE TRAE, um di, ARRERE ERAEE, pn.

min 5%
95% “ >95%"
€pm1  Cpmzs  Epwmio 2
X 03 10 3.0 100y m

a: (d;) ISO 16890-

€em1  Cpmzs 1 4:2016 EN 779:2012

€pmi10 1 EN 779:2012

€pm
EN 779:2012
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[1] ISO. Air filters for general ventilation—part 1:
technical specifications, requirements and classification
system based upon particulate matter efficiency
(ePM) ISO 16890-1:2016[S].Geneva International
Organization for standardization, 2016:1-26

[2] ISO. Air filters for general ventilation—part
2: measurement of fractional efficiency and air
flow resistance ISO 16890-2:2016[S].Geneva
International Organization for standardization, 2016
1-58

[3] ISO. Air filters for general ventilation—part 3:
determination of the gravimetric efficiency and the air
flow resistance versus the mass of test dust captured
ISO 16890-3:2016 [S]. Geneva International
Organization for standardization, 2016 1-20

[4] ISO. Air filters for general ventilation—
part 4: conditioning method to determine the
minimum fractional test efficiency ISO 16890-
4:2016 [S]. Geneva International Organization for
standardization,2016 1-10

[5] ASHRAE. Method of testing general ventilation
air-cleaning devices for removal efficiency by particle
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[6]CEN. Particulate air filters for general ventilation—
determination of the filtration performances EN
779:2012 [S]. Brussels European Committee for
Standardization, 2012  4-69

[7] FENG X, ZHANG H, ZHANG Y G et al. A long-
term monitoring results and summary of airborne
particle size distribution from 10 nm to 10 pm under
different PM contamination levels in Beijing[C]//
Proceedings of the 4th International Conference on
Building Energy, Environment, 2018  652-657

[8] WHITEY K T. The physical characteristics
of sulfur aerosols[J].Atmospheric
Environment,2007,41(S1):25-49

[9] BIRMILI W WIEDENSOHLER A
HEINTZENBERG J, et al. Atmospheric particle number
size distribution in central Europe: statistical relations to
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Research  Atmospheres, 2001  106(23): 32005-32018
[10] KOPANAKIS I, CHATOUTSIDOU S E,
TORSETH K, et al. Particle number size distribution
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equipment ISO 15957:2015[S]. Geneva International
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[15] TIAN E Z, MO J H, LONG Z W, et al.
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Building and Environment, 2018  135:153-161
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generated aerosols of mycobacterium tuberculosis: a
new method to study infectiousness [J]. Am J Respire
Crit Care Med, 2004, 169(5):604-609.
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[3] Qian H, Ventilation for airbase infection in
hospital environment [D]. Hong Kong: Department of
Mechanical Engineering of University of Hong Kong,
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Energy conservation potential, HVAC installations and
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[2] Zhao HT. A field study on energy consumption and
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400~800ppm T2 T3 [J].
2 ,2014,44(05):135-139+96.
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[8] Kang Zhao,Jiantao Weng,Jian Ge. On-site measured
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