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Ch.6 Ventilation Rate
R (R )X

The ventilation (flow) rate can be referred to as either an absolute ventilation flow rate, or an air-
change rate relative to the volume of the space. In this chapter, the ventilation rate is referred to as
the absolute amount of inflow air per unit time (litre per second or |/s, cubic meter per
hour/min/second or m3/hr, m3/min, m3/s) and the air-change rate as the relative amount of inflow air
to the volume of the space per unit time, such as hour or minute (ACH, ACM).
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4 Probability of T & RH occurrence (2D plot)
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4 Hottest days in Taiwan
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4 Wet Bulb Depression
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* B IRRE (WBD <5 C)z BEEESLT]

AN # = | ® B iB3k% (WBD) |
| 0% < RH < 65%65% < RH < 85% 85% < RH < 100% WBD=Tdb—Twb:C
in°C T<27| 7227 T<21| T22 |T<27 T=227 WBD<3/WBDs4 WBD<5,
FELL|11.08% 016% [26.44%| 0.11% | 62.06% | 0.15% | 70.38% | 78.38% | 83.03% |

Lep*| 0.10% | 8.83% (35.64% 16.80% | 28.60% | 1.02% | 66.28% | 77.73% | 87.43% |
&1t |8.05% | 8.75% (34.64%| 16.19% | 30.21% | 2.16% | 68.35% ! 80.76% | 88.84%
47 15.93% | 5.80% (32.16% 24.21% | 28.11% | 3.72% | 69.01% 32.39%!92.25%’,
A% | 9.72% | 425% |46.96% 25.67% | 12.29% | 1.00% | 58.39% | 81.37% | 93.29%
mE | 799% | 3.94% (38.67%| 30.51% | 15.31% | 3.57% | 62.39% | 81.83% | 93.51%
BE 3T1%  3.65% (23.23% 18.29% | 47.62% | 3.47% | 79.14% | 88.13% | 94.68% |
EEE | T74% | 290% |40.14%| 22.49% | 24.00% | 2.72% | 72.12% | 87.12% | 95.33% |
el | 7.35% | 1.78% |43.28%| 20.47% | 25.67% | 1.45% | 72.78% | 89.05% | 96.45% |
BE | 301% | 1.36% (27.63% 17.22% | 47.90% | 2.86% | 84.82% | 03.53% | 97.92%
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Ex. 6-1 424 % 100 5 570 kg 2 E cicd £ i b £ 0 322 4 13 n% ~80 nk ~3 m3 -

l""-ﬁ*#" IOOOm/‘*‘ A LTS B 2.5 mx 3. 5m b BEVEP (P44 mm P 5 11 mm) o
23 7% (no storm sash)m%é] 7B 6mm 25 %) L% 2o fF 20 m

B S S iR
FLAEREE © o B o

SOl S AL R L i 4 R AR

BEhot AP GERE A SR 3 ChE i

{”5”)&‘?7?&”"?\‘”21%"1“ B L

30C: % E#4FFF 5 15¢

g, = 100 * 500 * 1.1 * (570/500)°734 = 60.6 kW
F*P=15*(13+80)*2=279W/K
YU *A=784.8W/K

\; 60600 —(784.8+279)(3) _ 183 m7
1006*1.04*(3)

O EFLAER eq.6-1FC B 5 eq.6-20 7, 2 E RGO AR -

—C uA+FP)t, —t,) .(6-2)
1006 o(t; {T.d)
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Ex6-2 4 F ] » k2 £ 2§ £ Bk joeim B0 4997501 £ 3 3T an
B 536°C > MCWB % 18°C » 97.5% 4% & ek 2+ 2k 8 B (DWB)R] 5 20 °C » -k & »T ¥
R T5% RS2 £35S b EF A EFEL AN F2TCHER 2 ER T AZE
é‘g'\ /J\ E@»‘: o
% A 0m % 4 1000 m

Tdb [27  degreeC Tdb [27 degree C
Sol: WBD =Tdb-Twh=36-18=18, AT=18*0.75=135 1 = - R

Twhb |2E|25 dearee C Twb |20 26 dearee C
Tdp [17.04 degree C Tdp [1704  degeeC

\_.
Lo W

p =1/0.8671 = 1.153 kg/m?3
p =1/0.9801 = 1.02 kg/m?3

AH (00123 ka/kgDA &H [007139  ka/kgDA
t =36-13.5=225°C 4 [T WMGDA 4 R wkgoa
oe - ) SV [IEEl  m3/kgDA sv [EEMI m3/kaDA
Hfg | kdk
DOS [5am % DOS 58 %
* 33000 —-(1063.8 )27 —36 3 Pus [3557 KPa Pws [3557 " KkPa
V — . — 9 1|“ Pw [1.962 L Pw [1.962 kPa

1006 *1.03(27 — 22.5)

m, =100*0.5 * 500 * (570/500)°734=0.0275 kg/s A 2 vk s

AW= m /m,, = 0.0275/(9.1*1.03)=0.002936 kg/kg
B2 £ % F T b G HIR R
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V : (6-3)
I
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_ : Air MP LHP
APPENDIX 5-1 . Animal Temperature mg/kg s W/kg
ANIMAL HEAT AND MOISTURE PRODUCTION
Dairy cow, -1 C 0.21 . 0.5
500 kg 10 0.28 0.7
15 0.36 0.9
21 0.36 0.9
27 0.50 1.3

Jtotal =

= 121 kW,

(COZ)p =

0.00492 m3/s.

(121,000 J/s)/(24,600 J/L) =4.92 L/s

The change permitted in the carbon dioxide concentration is

(Ceo,Din - (CC0 Jout = 0-005 m3/m3 - 0.000345 m3/m’

Vv
coO,

= 0.004655 m3/m3.

= (0.00492 m3/s)/(0.004655 m3/m3)

= 1.06 m3/s.

i3 =30 °C B
*= 0000 ppm CO, °

SHP THP
W/kg W/kg
1.9

1.2 .
1.1 2.0
0.6 1.9

(100 COWS)(Z 2 W/kg)(500 kg/cow)(570 kg /500 kg)o 734



Ex.6-3 & F o> gRdh g and Wb ¥ BREhAr -30 oC p
ER R A = xﬂ&f"lOOC A % 3T0% 4p ¥ ﬂfi A r'gf? 5000 ppm CO, °
my,o0= (100 cows)(0.28 mg/kg-s)(500 kg/cow)(570 / 500)0-734
= 0.0154 kgfs.
 Vigp0 = (0.0154 ke/s)/Pi(0.006076 - WO)}

where W, is the humidity ratio of the outdoor air. At 10 C and 70% relative
humidity, air density (p,;;) is 1.10 kg/m3. The following table contains humidity
- ratio and ventilation rate data for the outdoor temperature range from - 25 Cto 5

C.
Outdoor ]i—Iurnidity&l | Ventilation
- : . - 3
APPENDIX 51 - Temperature Ratio, kg/kg Rate,m™~ /s
ANIMAL HEAT AND MOISTURE PRODUCTION 25C 0.000353 2.45
Animal Temperature mg/kg s W/kg W/kg W/kg -15 0.000925 2.71
| : -10 0.001457 3.03
Py Coe e 0.5 19 2.4 5 0.002256 3.66
500 kg - 10 0.28 0.7 1.5 2.2 ‘ -
| 15 TTE 0.9 1.2 2.1 0 0.003441 5.31
21 0.36 0.9 1.1 2.0 5 0.004924 12.15
27 0.50 1.3 . 0.6 1.9

2 at 80% relative humidity, 1000 m elevation




Qsensible = (100 cows)(1.5 W/kg)(500 kg/cow)(570 kg / 500 kg)0-734:
= 83kW, and

The ventilation rate for temperature control is determined by the sensible energy
balance for the barn, as used in Example 6-2, changed to reflect conditions for
‘this example. |

83,000 W - (1063.8 W/K)(10 C - t)

(1006 J/kgK)(1.10 kg/m’)(10 C - t,)
The following table contains data for the ventilation rate as a function of

\%

temp

outdoor air temperature. - .
| P - Qutdoor Ventilation
3
| Temperature  Rate,m™ /s
APPENDIX 5-1 )
ANIMAL HEAT AND MOISTURE PRODUCTION ”2 5 C 1 ) 1 8
Air MP IHP  SHP  THP -20 1.54
Animal Temperature mg/kg s W/kg W/kg W/kg -15 _ - 2.04
Dairy cow, -1 C 0.21 . 0.5 : 2.4 -10 : | 2.79
500 kg 10 0.28 0.7 2.2 -5 4.04
15 0.36 0.9 : 2.1 | ' 4
21 0.36 0.9 1.1 2.0 0 - 6.5
27 0.50 1.3 - 0.6 1.9

5 14.04




6 /

temperature criterion

3
ventilation rate, m /s

moisiure criterion

1 - carbon dioxide criterion

0 T T T T I | T ] T
-22 -18 -14 -10 -6 -2

outdoor air dry-bulb temperature, C

Fisure 6-3. Ventilation graph for Example 6-3. Moisture and temperature criteria curves
intersect at 2 ventilation rate of 3.3 m3/s and an outdoor air temperature of -8 C. .



6.4 3% 530 b b B 5 cotp BT B AR

Program POLYNOM is provided to calculate the coefficients in a polynomial
regression equation for Y as a function of X, -

Y =ag+a,X+2,X +23,X + . (6-6)
A ...

I:Ex.6-4 / | | \ ' \‘M

@gi?u%ﬁ%i@%%ﬁﬁﬁﬁ | '
SR E(SHP)e— = I w % 415 5% : |
\
>

;7 IR T L
(-1 °C, 1.9 W/kg) B
(10, 1.5)

o | ™

(27, 0.6) | ™ | \
| * | ,.




T& » chapbmatlab

T& » chapbmatlab

ZiE L] BEN BE RE

% | ceal MATLAB Code work EEER K
“ ntu MATLAB Code % ceal MATLAB Code
“  Plancks MATLAB Code *  MINVent_CO?2 MATLAB Code
*  polynom MATLAB Code “ | MINVent_E MATLAB Code
polynom Microsoft Excel 97-2003 T... ] “ MINVent_T MATLAB Code
snell law MATLAB Code “ | psy MATLAB Code
* | ventgraph MATLAB Code

[ VENTGRPH FEmE ]

< C A &% | 140.112.183.23/class-cea/chap6-sw.htm

ez DOS = s VENTGRPH exe
22 MATLAB =1 VENTGRAPH.m
FERITED

1. download 1 zip file
containing 1 exe file & 4 "
more.

Chap 6 *THEASE IMERES

m" matlab files: cea0, psy, ventgraph, polynom and

[L=F]




VENTGRPH #% ;% A DOS program

Ex.6-5 % * VENTGRPH ##;' £ f# EX.6-3 - B3k #ZE4+ U 243 0.1~1.0 W/m2K
1.5 '  BUILDING DATA
o 1 A ) A value: 785
A Inzeraﬁe’%tian ot; - i h; pemn?tex;. %Bg-
L ' |
. Bi?qu{gnswm T o) per. tactor: Building Building Minimum Qutdoor Air
iy -7.8 C Qutdoors } { EHS%R?NTEﬁ dEETPWN{S . U value YUA value, Ventilation Temperature
/ - . .
| 1110 &) R ingide! 8 VAT 3 -
y % /1 gl B WK W/K  Rae,m7/s  at Crossing
' g 0.1 159.8 2.9 -13 C
QUTSIDE CONDITIONS
H20 ﬂ) R outside: 8@ 0.2 319.6 3.1 -11
2.9, C ) C02 gutalde ; %g | 0.3 479.4 3.2 -9
e g 639.2 34 -8
Btgs - 2‘;’ TRETRET % JB 5 ﬁHl?)iﬂIr. DATA - - 0.5 799.0 - 3.6 -6
-35 -39 -25 -20 -13 -1@ - ype animal! Daip
1J<) Ho? aninals Qg - 06 9588 378 -5
OUTDOORS AIR TEMPERATLURE, C 1) five, wt,, ka: 3578 : 0.7 1118.6 3.9 -4
0.8 1278.4 4.2 -3
I ] HEATCLM) & MOIST(ka/s) :
} sz {PntSc) to Ohtain a Printed Copy % g Eﬂgil%l@, g% % 09 1438.2 4.4 -2
n) Laten , .
[ Do You Hish to Change Conditions {y/nd? _ 1 o) Total: 128.8 1o 1598.0 6 -2
I p) Moisture: 8,01354

Figure 6-5. Results screen of program VENTGRPH with data and resuits of Example 6-5, and
actual barn design (proposed).



minimum vent Help Quit

. N | ——

min venting rate for CO2 control

min venting rate for humidity control
min venting rate for temperature control
min vent ver.2 for CO2 control

min vent ver.2 for humidity control

min vent ver.2 for temperature control
VentGraph for Greenhouse

VentGraph for animal housing

4

Dairy Cow W

Volumetric airflow rate, mafs

Dairy Cow

Laying han

Pig/hog/swine

—
co

—
o

—
.

—%
M

—
o

4. Minumum Ventilation Rate @ Design Winter Condition

— X

o Atm.Pressure = 89.874 kPa and Density of indoor air = 1.0647 I':gfrn3

— Moisture control

Temperature control
— 5 data1

Total heat produced by the animal = 120.82 kW
Sensible heat: 82.58 and Latent heat: 38.24 kW

Moisture produced by the animal = 15.543 g/s
002 produced by the animal = 0.0049113 ms

Intersection of Moisture/Temperature ctrl. curve
at T=-11.3 °C, Air Flow= 2.6265 m°/s

CIC'I"t control: 1.85 mal'&

-15 -10 -5
Outdoor air temperature, °C

0 5

_T W
l Dairy Cow
No.of animal - 1gp
Avg. Wt(ka): 570
use defautt
Lowest Outdoor
T (deg C). -30
RH (%): 80
CO2(ppm): | 340
Allowable Indoor
T (deg.C). 10
RH (%): 80
CO2(ppm): 3000
Building Data
U*A (WIK): 785

F (Wim/K): 15

P (m). 186
Altitute (m): 1000
Supplemental Heat
(in KW): 0
Quit
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Ex.6-6 whE Ex.6-1 > B B~ b FLuN5 3.3 & 18.3
m/s ki - B I RIpAlah £ E R RRK TR

Sol:
Stage 1 |3.3/18.3=18% Freeze protection: 4 °C
2 25 % =4.6 (stage 1 + 40 %) Stagel to 2: 8 °C
3 35 % =6.4 (stage 2 + 40 %) Stage2 to 3: 12 °C
4 60 % =11 Stage3to4:17 °C
5 100 % = 18.3 m3/s Stage4 to 5: 21 °C
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(6-1)

1006 p(z, —1,)

qg. +q, +q. — (Z UA + FP )(z?. — 1)

g, = ..

g, = ..



Ex.6-7 B3&% 5] 1 hF 2 ERFH6H 0 #HiEH % W (Denver, Colorado) » 3% (a).
—E P E LV FANEBEENASRREBE (4°0) B5E ?2(b). B4 4
NELRAENL0 °Co B2 EaLLZ V20 REAGERM > F2 AT T ARMAD

o
1ol Gsensible = (100)(570/500)073%(500)(1.8603 - 0.03074(4) - 0.0005268(4)?),
= 95,200 W, e e e BTN

based on the polynomial for sensible heat production obtained in Example 6-4.
The polynomial to express latent heat production is

(Qiatent)/kg = 0.521481 + 0.011559t + 0.00057509212,

which is the default data in VENTGRPH. Note that although in Example 6-4
the linear equation for sensible heat production was best, the second order
polynomial is used as it is in VENTGRPH. From the herd,

Glatent= (100)(570 / 500)0-734 (500) (0.521481 + 0.011559 (4)
+ 0.000575092(4)2)
= 31,800 W.

The heat of vaporization of water is 2460 kJ/kg at body temperature, thus,
moisture production is

my, = 31,800/2.46E + 6 = 0.01293 kg/s.



The sensible energy balance is a tool to determine OUIQOUL dll LClup vt crtsy waases
the barn is at 4 C and ventilation is 3.3 m3/s,

-E > z:
‘ 65 ,200 W
t,=4C- . % 2300 ; —
(1006 J/kgK)(1.10 kg/m)(3.3 m™/s) + @8 WK %
= - 16.2 C, ) ¥ v EU"‘.‘{_%? - -

At -16 C and 80% relative humidity, the humidity ratio is 0.000843 kg/kg. If the
ventilation rate is 3.3 m3/s at anfair density of 1.10 kg/m?~,|the mass flow rate is
3.63 kg/s and the humidity ratio change is (0. kg/s)/(3.63 kg/s) =
0.003562 kg/kg. The indoor humidity ratio will, thus, be 0.000577 kg/kg

+0.003562 kg/kg = 0.004139 kg/kg.

At 4 C and a humidity ratio of 0.004139 kg/kg, the relative humidity is.72% and
rair density is_1.13 kg/m{ The initial assumption of air density is in error by a
few percent. To be accurate, results to this point will be recalculated. |

_ac. 95200 W _
(1006 J/kgK)(1.13 kg/m (3.3 m’fs) + 1063.8 W/K
. =15.8C. T

e mtla e itaratinn 1€ NNt nEEdBd:



Appendix 6-2 US Weather Bin Data

Weather bin data for Den Denver (A pendix 6-2) show outdoor air temperature can
be expected to be below - 16 C for

Pts?
I hr + 8 hrs + 35 hrs + (137 hrs)((- 16 C - (- 17.8 C))
CJ-122C-(-1780))
= 88 hrs/yr. 1% hi EPER (3 B0 x 30 x 24 = 2160 ) B)

Coincidentally, this number of hours per year is at approximately 4% of a
winter, and -16 C is only slightly warmer than the 97.5% winter design
temperature for Denver (which is -17 C). Differences among sefs of weather
data will arise frequently.



APPENDIX 6-1
DESIGN AIR TEMPERATURES FOR SELECTED STATIONS

Station
\labama
Auburn -8
Huntsville -12
Mobile -4
Alaska '
Anchorage  -31
Fairbanks -46
Juneau - =20
Arizona :
Flagstaff -19
Phoenix -1
Tueson -2
Arkansas

Fayetteville -14

Hot Springs -8
Little Rock -9

California
Bakersfield -1
. Riverside -2
" Ukiah -3
Colorado
Boulder - -17
Denver -21
Fort Collins -23
Comnecticut

--Bridgepurt -14
New Haven -16 -
Waterbury -20 -

Delaware
Dover o =12
Wilmington  -12

Florida
Gainesville -2
Orlando 2

Winter

Air Temp.

-44

34 34 - 24

-~ o~

o

-

Summer
Air Temp. MCWB
12 2.5% 13 2.58 13 2.5%
3
36 241 25 24 26 26
35  “34 24 23 26 25
35 34 25 25 27 26
20 19 15 14 16 15
28 26 17 16 18 17
23 21 16 14 16 15
29 28 13 13 17 16
43 42 22 22 2 24
40 39 19 19 22 22
36 - 34 26 23 25 . 24
38 136 25 25 27 26
37 36 26 25 27 26
40 38 21 21 23 22
38 37 20 19 22 22
37 35 21 20 21 20
34 33 15 15 18 17,
34 33 15 15 18 17
3 33 15 15 18 17
30 29 23 22 24 23,
31 29 2% 23 2 2%
31 29 - 22 21 2% 23
33 32 24 24 26 25
33 32 23 23 25 24
35 34 25 25 27 26
24 26 26

o



Conservative design practice would lead to choosing a typical minimum
outdoor air temperature for Denver to be - 34.4 C — the low end of the range
which occurs 1 hr/yr. A sensible energy balance can be used to calculate
supplemental heat required to mamtam the barn at 10 C when it is this cold and
the ventllatzon rate is 3.3 m3ys.

Qsuppl. = (1006 J/kg K)(1.10 kg/m3)(3.3 m3/s)(10 C + 34.4 C)
| +(1063.8 W/K)(10 C +34.4 C) - 83 000w>
=162,100-W + 47,200 W - 83,000 W = 126,000 W.

The installed heating capacity must be 126 kW if the barn is never to go below
10 C, the minimum ventilation rate is to be continuous, and the lowest outdoor
air température is - 34.4 C.



Note: Even at - 34.4 C the structural cover heat loss is only slightly more than
half the sensible animal heat production. This would still permit fans to cycle to
produce an average ventilation rate slightly less than a quarter of 3.3 m3/s.
Supplemental heat would not absolutely be required, but if it were not used,
relative humidity would be above the design value for many hours per year (the
hours outdoor air temperature is between - 34.4 C and - 8 C). |

If restrictions were relaxed to permitlbam temperature to fall to 4 C, |sensible
animal heat production would rise to and supplemental heat needs

would be lowered to

Qsuppt. = (1006 J/kg K) (1.13 kg/m3) (3.3 m3/s) (4 C +34.4 C)
+(1063.8 W/K)(4 C +34.4C) - 95200 W _
= 144,500 W + 40,800 W - 95,200 W = 90,000 W.

ZPMER L L4K Permitting barn temperature to be as low as 4 C has reduced the required

Co 4 i "«um?i B [hieafing capacity from 126 KW to 90 KW. [But, of course, common practice

j 9126 + 3 " 190 would permit fans to cycle and humidity to rise during those hours of the winter
X

when outdoor air temperature would be below - 16 C.

Gsensible = (100)(570/500)0- 733(500)(1 8603 - 0.03074(4) - 0.0005268(4)?),
= 95,200 W, T T



g, -OUA+FPNL —t,)

_7om o2z V.. = ...(6-3)
-7 % 7 i Ik e 1006 p(t, —t_)

c - A g%~ FREZHMAFER £ (airchange, AC) & B < b £ F 0 Aot ¥
B ENRIFLLF RS B5C 15 ~2 B ACM ¥ & 8 3 p JadFt 3 ¢ ¥ 32.5°C
é_/af%** 600 me' p BBy % 0 L ACM E¥ L 453 o

e BTG b amAE- s Ry 700 W/m2 B RBEETE e B b (UA)E U b 3%
Bl g 535 (FP)maw ’ %‘*“ﬁ— SR E R I T I N W -+ £ ol N T S A

\V/ _ Usensible — (Z UAXti — to)

e pairC p (ti o to )

He Cp %1006 J/keK > Pair % 1.05 kg/m®
& 32 500 m



EX.6-8. £ LA % 5 200m % ~250m £ » %45 500m » & UA 5 220000 WIK -
F kT AR . A RT G Pﬁ‘m F%ﬂtﬁz g5 700 W/m2 > B3k B E N 7 U3 HEdk L A A
CHETRHR IR P REAR S 3303 9010,525°C -

SOI: qsensible — % ° (7OOW / m2 ). (200 ° 250m2 ) - 117OOOOOW

v~ _ 11700000 — (220000)(10) 899m? / s

temp 1006 ¢ 1.05 (10) - B E®B24m~ 200m g ~250m & 9 F
1 ACM =200 x 250 x 2.4 = 120000 m3/min
11700000 — (220000)(5)

Viemp = =2000m° /s = 2000 x 60 = 120000 m3/min
1006 ¢1.05 e (5)
11700000 —(220000)(2.5) _ 4999m3 /s
e 1006 «1.05 (2.5)

~ BAC HHL R > Wi ¥ EEF 24m Bft) R F
B EARE o LU PEEROFEFET AT o



minimum vent Help Quit

min venting rate for CO2 control

min venting rate for humidity c
min venting rate for temperatd
min vent ver.2 for CO2 control
min vent ver.2 for humidity cor|
min vent ver.2 for temperature:
I VentGraph for Greenhouse I

VentGraph for animal housing |
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Required minimum ventilation rate, m>/m2/min
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Temperature Control /
Moisture control
CDE control

—H&— Intersection

Intersection of Moisture/Temperature control curve
at T= 12.20 °C, Air Flow= 3.980 m®/m?/min

11.5 12 12.5 13 13.5 14 14.5
Outdoor Temperature, °C

15

VentGraph (Greenhouse)

Basic information
Altitute of greenhouse (m)

Height of greenhouse (m)
U of glazing (Wim2/K)
A_floor / A_wall&floor

Solar Radiation (W/m2)

Ratio of sensible heat

0

il

6
0.7
700

0.35

Required condition

CO2 absorb.rate (g/m2/h)
Evapotransi. rate (g/m2/h)

Max vent_rate (m3/m2/min)

equals no. of ACM

20
15

20
4

Given in/outdoor condition

outdoor T {deg.C): min X
outdoor RH (%)
outdoor CO2 (ppm)
indoor T (deg.C): max X
indoor RH (%)
indoor COZ2 (ppm)

Quit

10
60
350
15
80
300
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../digital_GhEng/class3_溫室通風與防蟲網.pdf
../digital_GhEng/class5_溫室供暖.pdf
../digital_GhEng/熱值_by_USDA.pdf
../digital_GhEng/fuel-value-calculator.xls
../digital_GhEng/class5_蒸發降溫.pdf

Homework

Check VETH program -2 R =%
TR 3 I BIERER
e 5o QutdoorT~ RH 3P Z4cE E & &b £ V
¥ Ff% Indoor T and RH
e B RFE LB ABEVETH = 2 @ i 73



http://140.112.183.23/digital_GhEng/class4_%E6%BA%AB%E5%AE%A4%E9%80%9A%E9%A2%A8%E6%88%90%E6%9C%AC%E8%88%87VETH.pdf

