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ABSTRACT

Commercial AC condensate pumps have some existing problems such as
short life span, noisy, leakage. The objectives of this study is to investigate the
sources of condensate, reasons for failures of commercial condensate pump so
as to find out how they can be improved. We found the failures were mostly
due to motors being operated at high humid condition in these water pumps.
This study is divided into two parts, the first part is involved with ANSYS
simulation of condensate water sources to the lab operated with two Room Air
Conditioners. Condensate water collection experiments were carries out to
validate simulation results.

Simulation parameters include inlet temperature, wind speed, water mass
in air, and air infiltration to the lab. Air infiltration rate from windows, door,
etc., was estimate using empirical formulas from literature. From simulation
results, air infiltration is the main source for condensate water when AC is
operated several hours. Air infiltration driven by stack pressure and wind
pressure from windows with poor sealing after installing ventilation pipes,
exhaust fans and ACs is a non-negligible source of condensate water in Summer
time in Taiwan. After ACs are turn on, the temperature between indoor and
outdoor increases, leading to increased stack pressure and higher infiltration to

indoor space. Taiwan is in subtropics climate and seismically active area.
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Although most buildings are concrete constructions, but aluminum-framed
windows are often observed deformed and cracked, plus AC and fan are not
sealing-well when they’re installed. These makes warm and humid air easy to
infiltrate into indoor space, causing condensate water and hot air to infiltrate in
and cause high condensate water production rate even with ACs running 24
hours long, thus creating a big challenge for AC condensate pumps.

The second part of this study is to optimize condensate pump. An
automatic control system based on Arduino was designed, constructed and built
to evaluate our improved condensate pump and a commercial condensate pump
using simulated AC condensate production rate. We found the commercial
pump removes 80g water with a 3.5sec run time due to a smaller capacity of
water storage. Our optimized condensate pump runs with a 2.5sec run time and
removal 130g water, which is 1.625 times capacity compared to the commercial
one. By increasing the length of the water storage container by 17% on each
side, the water removal rate is 54g/s, and the total run time decreases by 28%
per hour operation, and the condensate water removal rate is increased by 1.35
times, with a 40% energy saving per hour.

Key Words: AC condensate pump, ANSYS FLUENT, condensate production

rate, air infiltration
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B Bt b2 AR HBRARTRE? T2 £ A @ IRF T T
P iAo ded 20 B f Y oREFRA G EHRMS 7 Clausius

Clapeyron relation ¥':

ar _ L 1
dT =~ TAV (1)
s H e dPAT ZBRASEERZ ST L S8BT 54T 72

R AV AR gAY 2 TR N (D)TF P EBRTF 2k EF RS
s P EF R CEFRBEE AR D PR T RS
WEREFEIARM O P R REMFL ARG E Mo

10 %% A (Relative humidity, RH) f4p tedp b 2. % § B4 2g R T > %
FPOREFREGETRZE § 3§ ¢ SRR E D] 100%PF
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SR RAL G B BE R - 4 ¥R R (Absolute humidity) X dp ¥ =7 §
ﬁ—rwgmj\/ﬂ\,zé’#ug/m Cglkg k&R e

2.3.1 8L Rk T

BEAF AL AR T R R R kA FAS Ee Y
EhGHA < IWA @ Iﬁﬁxﬂﬂlaip\aﬂ&: CREESEPN S
é%ﬁ‘i“ﬁ%&‘i”&@*¢ﬁv%ﬁ%%i#%&@m%o

Kirby % £ (1997) &A™ 3 ¥ 4 SR 2 FERIF SR QAFL 5 1S B/ o
A 25T IB R GORRE > B AN LA TSR RRTAEL R
BAF B2 40 BREGf# KEFPBRBFREFEERETRRY
TR ARt B IR € pzt’:b—g BREED B GARKZ AL R T
§ I & ﬁi%“%i{%%éﬁﬁ’&%%@@gix gk ka BEIER L
% o 4@ 2.7 °

Andrade and Bullard(1999) & Kirby & 4 (1998)F 7 & > izt 414
FAREBE R 5N R BRAPHATY 0 kBRER EHA Rk A ML
B2 x| EATREF B2 WA £ 37K 0 &2 Kirby % 4 (1998)#% ¢

2RI S o SRR L BAR A 60 155 AR ) PERE K T 1.04

Fzl o] P o 0 Flad e ad %iﬁ&%ﬁ“f’kf—?"?g meb s ¥ - ViR TF A
%@Eﬁ*%HﬁLm?®ﬁ4’ﬂ“$&U33%%%@%%%%1
(fin)# 6 > B G2 kTR E2ERTH 4R 28 -
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220 ¥ AHAE AT FARSRA T H 4oz £ 2 F A1+ (Meier, 2009)

Relative Humidity - %

Industry and/or Material 40 60 70 80
Baking
Crackers 21 28 33 39 5 6.5 83 | 109 | 149
Flour 26 41 53 65 8 99 | 124 | 154 | 191
White Bread 05 1.7 31 45 6.2 85 | 111 | 145 19
Leather - Sole Oak, Tanned 5 85 | 112|136 | 16 | 183|206 | 24 | 292
Printing
Paper - Comm. Ledger - 75% Ragl1% Ash| 3.2 4.2 5 56 6.2 6.9 81 | 103 | 139
Paper M_F. Newsprint - 24% Ash 21 32 4 4.7 6.1 72 87 | 106
Paper White Bond Rag - 1% Ash 24 37 47 55 65 75 88 | 108 | 132
Paper Writing — 3% Ash 3 42 52 6.2 72 83 99 | 119 | 142
Textile
Cotton - Absorbent 48 9 125 | 157 | 185 | 208 | 228 | 243 | 258
Cotton - American-cloth 26 37 44 52 59 6.8 81 10 143
Cotton - Sea Isle-roving 25 3.7 4.6 56 6.6 79 95 | 115141
Hemp - Manila and Sisal 27 47 5] 7.2 85 99 | 116 | 136 | 157
Jute - Average Grade 31 52 69 85 | 102 | 122 | 144 | 171 | 202
Linen - Dried Spun - Yarn 36 b4 65 7.3 81 89 98 | 112 ) 138
Rayon - Celulose - Acetate - Fibre 08 11 14 19 2.4 3 36 43 53
Rayon — Cupramonium - Average Skein 4 b 6.8 79 92 | 108|124 | 142 10
Rayon - Viscose Nitrocel 4 b7 6.8 79 92 |108 | 124 | 142 16
Silk - Raw Chevennes-Skein 3.2 bbh 6.9 8 89 | 102|119 | 143 | 188
Wool - Australian-Marino-Skein 47 7 89 | 108|128 | 149 | 172 | 199 | 234
Tobacco - Cigarette 54 86 11 | 133 | 16 | 195 | 25 | 335 50
Wood
Timber - Average 3 4.4 59 76 93 | 113 | 14 | 175 22
Glue - Hide 34 48 58 6.6 76 9 107 | 118 | 125
Miscellaneous
Charcoal-Steam Activated 71 | 143|228 | 262|283 |292| 30 |311|327
Gelatin 07 16 28 38 49 6.1 76 93 | 114
Silica Gel 57 98 | 127 | 152 | 172 | 186 | 202 | 215 | 226
Soap 19 3.8 57 76 10 | 129|161 | 198 | 238
Starch 22 38 52 6.4 74 83 92 | 106 | 12.7|

NOTE: Moisture content expressed in per cent of dry weight of the substance at various relative humidities — Temperature 75°F (22°C)
gAI R ERFF MY o ER ,;:gf;} B Rt R
g B2 3§- ¢ )*I‘ug # Bf #(sensible heat)£? #: (latent
-‘—543‘;7,?\:‘ B )’}E@ o @
bR R R BT RAINAS o @ Bhr i
EERGEY CBRRR PR ERR L RPE ¢ TR
S S B ERIA T EEELR SR B4 LWFLEY R
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20000 T B 10 T T Ty T
F oo E 9 F
g 19000 [ ® i g £
& : g P b -
'g 18000 - . B g 7F
‘E l'mm:— o ) - E :: p
g 3 . § o
S 16000 F 3 s '
E o ] '3 3 F
15000 Bt L b ] gz"-“r..l T T e
15000 16000 17000 18000 19000 20000 2 3 4 5 6 1 8 9 10
Qevap measured [Btu/hr] 1 moisture 1 rate (bevhe)
(a) (b)
B 27 2% B@QFRE Pz () KEFE & F LR B(Kirby ¥ £,
1997)
& [ T P
£ |« New Prediction] B
r o Old Prediction e
g ' B
E%‘S P o
EE€a4f
p
2 3
E C
2 o .
2 3 4 5 6 7
Measured water removal rate (lbm/hr)
B 28 % A4 F f K & gt i (Andrade and Bullard 1999)

2324 F B B84 EL

Andrade and Bullard(1999):#-7% 2% % h 5% &k & 500cfm/ton 3 & 3
200cfm/ton » S5 FRFF B2 2 FRECFLER A B (O L
50C) Bl 29(@)  "EF A F A ERAZE W ArF RA e EI AR

BRD LRI LG RB A 2 F 2 BRI RS d AR B
FMO M EAEF B2 T4 GAEF S o A Rk KR £ ¢ 500cfm/ton
%153 200cfmton + #2055 % F ¢ KA LK F EHE 5 0% + 4ol
2900b) - HFHRZPAPHBRAZ R ERZ O T URRT G AT
SRR RS- R AR Y T T AL 4o 2.9(c) -
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H ¢ Beta .8 ‘fﬂ‘-ﬁﬁ ciE R R 0 %R AR AU F R (compressor map) iF

41 5
=

2.3.3 ¢k § 7% & ¥ (Air infiltration)

Andrade and Bullard(1999)#% 3| 7 # 2. /% % & &i—@iiﬁﬁ%ﬁf & ko
B WP % mkli)igx{#ﬁsﬁly DN 4 “;Ft‘ JECA NS
2 kA FIE NP oYounes £ 4 Q011 AR T ¢ 4 BT F 2 RS E R
3 @ @ KR o b B (wind pressure)? i fp /B 4 (stack pressure) - &R 4 A
B ZEPERTHZLFERTESZERVRAL CZAFIRE LR
ABPED ARRER SR BB ERAFZRE

2.3.4 32 & /R 4 (Stack pressure)

Sherwin and Horsley(1996)F= 7 # Flsafp/® + 1 & > 48 R £ F >
ERELINCE I | Rl - I SR LY ()
PV = nRT (2)
G EIRERCR
fﬁp ()
He PEZFRA(Pa) REFEEFMA B TLFER(CC) p 7

ZF BARKgmY)ed 23T uF D 5: RAGARHME(EF )@
FOLmit s § I RAFL s PP L BREENEREVUIERLP
S ETFERNZFL EFIERARA G RAL
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i --B—Mchﬂoﬂl 14
~o=30cfmton, 2
5 wdr=400 cimton

== 500 cfim'ton

=
=]

.
n
o

(=
o

|t%J

6 07 08 09
Beta ] Beaa []

() &

Water removal race [Ibm/hr]

Evaporating Temperature [F

[
o
.

=
n
=
=
-
a -
2
=
w

0.70
) -—6—300 cfin/ I0n

b =400 cfim/ton
0.65 4

4 =36=500 cfm/ton
0.60

_’\B_\B\EF

S

11}

0.55

Relative humidity [

0.50

0.5 06 0.7 0.8 0.9 I

B29 ## Bh 5 h &8 (a)m_)i(b)‘f K F(c)tp 5 & M R (ASHRAE,
2007)
ot - R F P2 7 F ?ﬁlii%g A - R f%li(pressure
gradient) £ » J B 4 L K¢ & 7 § iaE A b B (building envelope)® (% =
Mo~ PR~ dbo ~ X fofr > B E)BS - B35 50 %ﬁ-;’ﬁi"ﬂ‘f»)@s
(stack effect) » pt #has Gy AU RER A SVHIEL FTAZF R R0 4
€7 F P2 R4
P =pgh (4)
H Y g HEA 4tﬁ&ﬁ&(ﬂsz)’h%ﬁiﬁ?ﬁ%’&i%fi pEZF BAE
(kg/m®) - Deru and Burns(2003)3 41 5 p #F 2. 7 § ind 4B 2.10 #77 o ¥
EPRENE - BRI ER AL PR R ARG Y 2R Y
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Dl

(neutral pressure level) > BEK TP P32 F ¢ 5323 Bl s HBFEFPN M2

ARLFRA TS TS

i |
| . T‘
| InS|de { in
I ’O:‘rr
{Tom :
Pout |
|
I ynp;‘
Yy .
] TR LS LY I __

B 2.10 “§ *ppe 2 ¢ = B 4 57 & Bl(Deru and Burns, 2003)

P, (y) = Py —
Pin9y
(5)

Pout(y) = Poyt —
Pout9Y

(6)

PR P L E PR 2 AR (Pa) ) Py L E M ERG  2 AR
P (Pa) >y ER ANIFERAZERM  pp LE R F 2 BA
(kg/m’) > poue . E h 7 F 2 R (kg/md) g £ &4 beid B2 ¥ Hio

2.3.5 k /B (Wind pressure)
bRz G R EA,xd 7§ B & (air density) ~ b i# (wind speed) ¥ i #
P2 AR REAT FR A REAFEREY € PR RDT B &t
¥R R B2 A AT ECp - BETRBBERM DN DA T 2
15



B, =
1
zpair

(7

Cpv?

v B¢ P&t b B ER(Pa) paip e 2t 2§ 2% R(kg/m3)vE T T F
2 B(m/s) Cps— EFX ¥ B > F VBT E sisﬁ‘?ﬁ%iméé‘ b g
B3E(wind tunnel) & - A7 iR A2 A5k e PliRfe @2 o

2.3.6 *F F %5 5 40 M By
Liddamenty(1986)F= 3 ¥ ¢ S T|* 5 B F ehfe it > Btz A4

EAMTLOERRR F G 3B F I M
ZEAHEFEEFIIRE A A A PE LER R
A0 WRAFRFEFTE O FEP T FAHEFREL T - TREZEE
4o 2.11
Harrje and Born(1982) & 4R £7# ~ £ il AE R B P w7 ¢ w4
FHHERP P LS FREFF AV R RTE o AT
1. E=18%-50% » T 35 35% o
2. R FEH3%30% T35 18% - A2 T F SRR €MEF X T
Bt~ 5 B e IR TR
3. #h 5&é:¢%#ﬁ&§é{%:3%-28% ) T30 18%  FEHR v &N HLF
1P BE K 2 B B TRLES
4. T P B 6%22% TE15% - F S RERFBREELE LS 5 ¥
PR EAHT AP AR S F 28k X e FEMP RS
;F‘ °
Chiras(2002) t # ¥ i¥ ¢ & P| § =% 3% A 2 b § %35 & feyp =
03cfm/f? » P HET 4 s BENBRIET #8525 - &

3%
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S
pel

ASHRAEQROI)wAE® & 4 s R 2 Y NI BERBEF L2

TR R ERELE RS FAER P E AT

B 6

Q = L(AAT + BV?)%5 x 1073 (8)

»#d QA% FmE(m3/s) L EU8 kA & (cm?) 0 A B3l % fic(stack
coefficient) » AT H_z p ¢hif & £ (1) B Ak 4 7% #(wind coefficient) > V &_
Tiah Bk (m/s) o e il b ¥Rt T4 22230

Arasteh % £ (1989)#% 3| 70%#t 0w ic 59 1 B R 33 7 Lii}ﬁgl v i@ B AR

‘b § %H MG o Buchanan(1998) ™ 7 ¥ 3| B EH A F B E P
EL PP g FARRAR AN FRE A FF ALY
FBEEERGI N TRETERE LFRL P RRE N F RS

Caluwaerts and Nusgens (1983)#-7 ez A A2 *h § 25 F & 3 p

S

i
1

GBI - B A RATHEM G T RN N BRI AR O F R
% RAp B & 0 4oB] 2.12 - Kohonen(1984)#-7 Ip £74] 2. 22 A & 3% § &
ot BATE Y 2 R PR G T 0 87% % F
FEFA ) T R R 3:;;75 A ER A2 ER S o FRE
ZF o MRFERGNEAL TR TR S RE 23535 L
oy i %L 35/ P 4o 213 ¢
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N
/

Effect of
temperature
difference

Air change rate

No difference in
temperature

N
(D Wind speed 7

B 2.11 R i 202 § % 3% enbd i (Liddamenty, 1986)

% 2.2 iy 4 dcit BB % (ASHRAE, 2013)

Stack Coefficient a,
Number of Stories
One Two Three
Stack coefficient a,, 0.0150 0.0299 0.0449
(ft*/min)?/(in.*- °F)
Stack coefficient a,, 0.000145  0.000290  0.000435

(L/s)*/(em®-K)

% 2.3 b %8 P8 4 (ASHRAE, 2013)

Wind Coefficienta,,
Wind Coefficient a,, Wind Coefficient a,,
(Lis)flem: (m/s)?] (EC/min)¥/[in.!- (mph)?]
Shielding Number of Stories Number of Stories
Class Description One Two Three One Two  Three
1 No obstructions or local shielding 0000319 0000420 0000494 00119 00157 00184
2 Light local shielding; few obstructions, a few trees 0000246 0000325 0000382 00092 00121 00143
or small shed
3 Moderate local shielding; some obstructions within ~~ 0.000174 ~ 0.000231 0000271 00065 00086  0.0101
two house heights, thick hedge, solid fence, or one
neighboring house
4 Heavy shielding; obstructions around most of 0000104 0000137 0000161 00039  0.0051  0.0060

perimeter, buildings, or trees within 10 m in most
directions; typical suburban shielding
5 Very heavy shielding; large obstructions 0000032 0000042 0000049 00012 00016  0.0018
surrounding perimeter within two house heights;
typical downtown shielding
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1. Normal construction.

2. As 1, but with door
also sealed.

3. As 2, but with
electricity entry point
sealed.

4. As 3, but with the

3 window-front
masonry joint also
sealed.

5. As 4, but with
opening window
joints weather-
stripped.

A Air infiltation m'/h

2007

150

1007

504

0 T r T 3> Pressure difference (Pa)
0 50 100 150

B 2.12 *t 5 %% FE R4 L2 B %(Caluwaerts and Nusgens, 1983)

Air changes per hour I Variation range

204

T T T
~
%0

T T T

10.4 |

8.5

T T T
—
()

6.0
- 0 45
30

=N
of
|
,

1.8

T T

1 2 3 4 I5 Structure type

Key:

1. Older wood houses, sawdust insulation.
2. New wood houses, built on site.*

3. Prefabricated wood element houses.*
4. Concrete masonry houses. *

5. Lightweight concrete houses.

* with mineral wool insulation

B 2.13 % iz @A > 582 L5 5 5 (Kohonen £ 4, 1984)
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Al2018)#- 3 P BB ALE R RRAR S BBL KR A
AT BRI B F Ao p §Rid + (Dhaka) 0 TioF BT F R R RRE
(R B A 1 15-33°Co R A 4 > 50-90%) 0 ¢ 57? iR B LR 00 do B 2,140
HERAFKINLN30, B2 TN ERLABBRELIB LT
B de ] 2,150 B P T 0w VR RAPE KA T ARG 0 A 4 $HR
BRA- BT Rh&ER > LAY TRFEFLF REETREDE
dos AERYTREAREBERIPERAE L 2 ABF pAz kB L GRE S
M R AR

Khan(2013)%4:4 #-k e B 4 38— 258@Q) 4o » 2 B 4% 7 §

SR WEREELREES 5

ThoU RSERE G F R R -

W=Vp(W; —W 1)
(8)

P i W ARk RV R 4 B (mP/sec) 0 p B A
(kg/m®) Wy s 3P4 Fieh 7k (kgke) Wb R4 F IR
(kg/kg) -

Ali(2018) 2% % % £ Khan(2013)3* &

j\‘_"l’
%
o
Ny
vk
Elx
A
|k
i)
N
Ry
=
i

AT RESICTREREEE AcA Pl NI RN RAEL T

PEORAZERTFEBIRF FLERE T A58

il

W = 30.5T + 5H — 0.35t
)
B W S EeLFE L E AL 245 kEm) T SRR PER
i(D) H A 2P HBRRL(%) 0t 54 F B ITE AP (min > 4o 3t
B30 AEISEER ot 3 300 2R E 30-60 A 452 L Gk E P t=60) -
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%24 4 F 5P| AL S £ (Galindo, 2011)
No. of Occupants: 0 Condensate
Run Outside Inside liters/hr

Conditions Conditions
°C % RH °C % RH
1 244 86.7 22.8 77 0.56
2 244 89.9 21.9 71.4 0.57
3 249 85.4 213 70.7 0.45
Average Amount 0.53
225 4 F 5MF 9 A P4 KRR £ (Galindo, 2011)
No. of Occupants: 9 persons Condensate
Run Outside Inside Liters/hr
Conditions Conditions
°C % RH °C % RH
1 31.5 68 24.9 54 1.31
2 31.0 73 23.9 55 1.34
3 30.3 77 23.5 56 1.08
Average Amount 1.24

Daily Average Temperature of

Daily Average Humidity of

Dhaka (2016)
Z5 T | T
O 0 1
E | 00111 1
= | O 1
= | I
= | [T
=
) S .o B 8 =S = Mos = e
= S22 2EZ2224c082
i AR MRPURN
NHE:\R"‘N_Q"“ o=

Day of the Year

Dhaka (2016)

S5
= ,
= |
= |, RO e e
£ 5o LU, |||||||\||||||\||||\|H|H ||||| |\|I|\|
S DR ANAIAAORA A [N

_gﬁfwig‘r\‘g\xiir—bl:_‘é

Day of the Year

B 2.14 £+ 8

2R R § % (Berry, 2013)
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. W ater Generation i
ml/ton in 1st half
hour

Humidity
Difference %

------- Temperature
Difference C

247 B4 FHKEL B R
P ot B FERELE R AEKES A2 TR
TRKR G TR RIS 0 A §TIE S BLAL RRIR S IR U] A ARk

B ik Bhhed 2.6 #75] o

2.4.1 drw sV ok R
B VPR B FR O R R 0 RO E AP ORR PR G -
LI D% K F AK MR REF R o d 5 <300 8% ARE
FOA AR A F e gt o Bt S AT R ES A o
242§ Sk B

Fps 2k EeAa gl B s S pqliokpd e g
AT LROREZ R YRS AR ERERN N AoR] 2,160 @ 2K E

%02.6 Pk B RA

ERERY | BB e
bV RS AR 1. R3]+
2. % om Pt
Ti = | R GT |1 Ak A3
2. 3 PR
3. AR 2T
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PIRTRB FIA GRG0 BB RARTRE v b MR RE2Z RS 4
f*ﬁéﬂ%~%&5éﬂgﬁﬁ1#:bﬁk Bk RN PR
PR ETR B M 2 B MR ARG SO0 2 JEY o 50 AT E PR R

FR 217 B RN RESE R EE N RMEE
PARBAIMFL PR SR A ROk R B ERRG ¥R R
FHEHREE Ch o BB REPEE IR kN IR 28
EREEAN 1 IERETE b4y s 2
BB S phes R R o S ERGE T RERET A AR
hod gty BRI F R O W—MQﬁ’ﬁﬁﬁﬁ

ZA S BEYL T TR

Foobe g oRg dee s wmtt (Ap $HRGE SRS 8 E o o B 2.18(H
217 ZE A E) BRRIRES FRF R HEVIE A5

BEIRSLF LAY BRAFEERSE 2R F AR AE - T
gie gk o2 RS S @wwﬂé*%ﬂﬂéﬁﬂ%
ERLEE D phe FRL S DR DR g RN B S
TV T A AAFRBEE S S 0 F L F -;:s‘z)iifﬁi% BERLKFHEFA
S SSEIE o TR TR A ek B AR B
R R EE PARSZAI DGR EIRG RS ERRER
SRR A B 2R P S B R S R
AR 0 #0A i & btk hl (FRAT ERERE(F

prbe GRE IR F OB FERE A S AN AR
Po- SR RELXERTLAELREIZINMNRE A SLREF VLT
APERERELAY Ay RLPEREY FEIELEN S EEE A
2o BE A - ARG T - TAA P R LENEN IR S K

(@é

b

=
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BESFHBMELIR  RBLGKEZR Rl g 4§ BiE T
AREKAAE O P RBRANRFEKTES S o B 2@ IR
EwjefB R &R ©

Rusted

B 2.18 jEtest 5 ek E
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i
il
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et

31 @A

ANSYS 2 2 F- w1 BT H S 7 A7 1970 £ > 320 7 R
SR AR AT R R M 2 B R R A R h T g B
PEAEHLE AR RZLE P EEAlY RESEF R
BT RIE LT BB ERER B RESE R LR
H ¢ Fluent “%rf”l H_ANSYS @i & A H2 - ¢t 2 § Ayt s B
(computational fluid dynamics, CFD)Ag FoLand 1 AR RCER 2 - o

FRHEHARLR A S Z 230§ - 3048 H22 2 03] B R
et e iz = 2D & 3D $53) f * oz abeid g Bl 48 SpaceClaim #
e YL s EC R PR VN IECE S R T E ]
A = Pt e > %] ANSYS Fluent &/ i@ > ,é’ﬁ "L A 2 (finite
volume) k i & » 1 B RS fest P 2 = 2 3 fpd AR A
T ARERE A ERET AN E B E ;b(cell)’%"ﬁt“ =g
pRLFERL

FZAREFEKT G A BIE R A REERE R DT R
foFRAR MK T DA X ST T € IR R o Aok R F R £
= f%(energy equation)¥? £ 4 (gravity)® fx » H|%rE_F 5 & Ji(laminar flow)
B & ¥ nit B (turbulent flow) > @ Foner f A A REE R E > &
2R ZR A {8 F K T B iF 2 (boundary condition) % 2K #_iE 7w T (inlet)
A TECRARAEIREE CRFRARERFEL CEXR TR
BEFR? TN R ERT Y RS BRI 5 LI % et

) A TR ﬁ;ﬁd%& PR VR F ISR
ERER PEL Rl R i

BT ARANBRAF SEPIRFYZFRER CBRE kG
B FREREE gt > B2 b2 b g RS 2 PR TEFI‘Jc UERARIE i B % g

i
©

b



AR B 0 )L iE % 2 ANSYS Fluent & 3 fichg1 £ o

Trechsel(2001)# ¥ i@ 3% 3] » § /% & (hygrothermal) ¥+ >+ 2% i 4~ b &
(building envelop)£? “t 3R 5 iz T B X 2 T 2 @1] B 25 F b
Py 3 b s H0A] e gaE 2 o Karagiozis and Salonvaara(2001)#&
JZ B REF PRI R R RAR AT £ R 2 B
- BEPBF GEAY ’)j‘ﬂ: e FRoR ZEF FRAC A A R ARG 0k
Hp IREAFORRET R 2 Hon R RF A - BAERR -

Kiinzel % < (2005) 547 5 ¢ #F)> 6F 0 # R 2222 R BAEH T30
EHEZPREAR UYL JF SN REA b} 502 F
sv(air ventilation)® % “#Ed P Fier TRIBEREFPAC - L5 RA
TR B LR AR L AT B 3l AT RIE Y BT F R R AR
FREHEFPZFLFFEAFORCERE CBREHIF TR -

Wang %+ (013) &5 {HcE ¥ 2 2RI HERLS oL 30 B EER D
Woinsok 5 0.128W/mPK » H © 4o A B E Rl s 4357 WmPK » %
R T RS IR T ARG 2 B0 o -

Ramadanetal. (2014)F7 7 ¢ $#R /Ry § S £ 4 @i &~
TR AEAEAp 0o ATy P @ % SIMPLE i&% 8% > )t 2 24 5 ANSYS p23f
K2 FE N L 2 fE(energy equation) * k FfRA G g F HIL &R
4 (buoyancy force)z_ 4p B 6 & > 4258 > ¥ P XA # * k-8 XA
B BCBEIE 0 TR G BORGR T

Goubran % 4 (2016)F]* B it > NS AP P v 2 ¢ 5§ B E
Ao AT s A RE kg TINHCA -

FeohagpLAF MR ¢ R i#EPF o Whyte & 4 (2010) A7 1 1% b i#
ERIE T f@ﬁ@izﬁiié%% DA R R T REMRIE O H P s B
BRI BRI R CARE 0 R B PRE TR R 32 Y 0 RER
%%?2%18014644-3(2005)#&E‘Jﬁf %5 PIFEH L 15cm(fm4R) 22 30cm 2 iR

o

e
M

\\\?{r



Vol B IR E RIEESE 1Som PR BdRIT A REEALZ B B ) EE(S 2
Tioi e o F R R R R G PF L 15om 5 o

Inside Qutside

Precipitation Relative

\ Temperature

Moisture
Production

Outside

B 31 2 FmEFATEAFEREERF BES N (Kinzel £ 4, 2005)

0.60 ~
0.56 -

0.52 4 \

velocity (m/s)

0.48 - i\

0.44 - \ .

0.40

0 1I0 2I0 3I0 4I0 5I0
distance from filter face (cm)
B 3.2 B3 b U o5 BRI b & Bc® 2 b (Whyte £ £, 2010)
3.1 i f2 50

3.1.1 i § * #2.7% (Continuity equation)
Ry + F Ak 238> 5% > 43 ANSYS FLUENT Theory
guide i 3 = 4254 > 255(3.1):
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a—p+(vxa +vy—+UzZ—Z)+P(avx+_y+az)=Sm 3.1

ox dy
FB1)Y T EHHELNG2):
5+V{m0=5m (3.2)

B PR RAE S, :'E%?IE(sourceterm) s R S fR N L BA 2
A 4238 0 2 BB ¥(conservation form)A; 3¢ o (R RO 2L IR T 5

(non-conservation form) it 5 1434148 4% (control volume)z_ p¥ ¥ &2 3 ¥ % i

EoRRBZRT S HER ISR LR BT TR

# £ 2 42X (Momentum equation)

VRN 8+ kiR &2 2 25 %7 Birdetal. (2002)
B AN o2 8 (3.3)-3.5):

ov v av ov 0Ty 0T 0%,
p(a—:+vxa—;+vy6—;+1726—zx):__+( EZ S a;z/x x)_l_pgx (33)
vy vy vy aﬁ) _ 9P Oy Oy , OTzy
p(2+m 2 4u, 22, 2 = =T (T Ty g, (34
dv, vy vy vz _ 9P arsza%yz aTzz
p(6t+vxax+vy6y+vzaz)_ 6z+(ax|6y )+pgz (3'5)

v H P N33 3 35 % xyz=2 B3t 28 F 2 4755 (momentum equation)’
":lp;“sf'#?%)i’P;@% 1%:\%’6;1'1}‘{%4 ,g;‘%g“Jo
3.1.3 it £ * #4237 (Energy equation)

fe & AR 23 Li ¥ A (2015)1 * ANSYS HHt @il § sk nf g
W g F4 0 g AN e 3.0):

%QﬂﬂV-QﬁH)=V-@N-T)+S (3.6)

v HP HE L kK #BEF ST RA > RIFE Y & B4 - 2 vl
Hherig A o H o Hmt B S e 1(3.7),

H=h+H (3.7)
, B ¥ R %4 (sensible enthalpy) e
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3.1.4 4 ¥R B (Relative humidity)
AP ¥R A (RH) %4 Hardy(1998) 2 5% » 4077 (3.7)

RH == 3.7)

€s

x\'\

HP el FERTIFP L KEFFR e AMFER T AR EAR -

32 WAl i

R & ) Er R 2w 5§87 2 (tetrahedron method) 5
lB 2317787 B B #ad LA FRACENR T e g oo 4o b
CRAEN R v g o PR RS E facesizing B4 { ) %
T A BIA T Lok AR ETF DGR S HE L RS F R
DR WA A RERFAMEL A A BT > weH 350 T E T

TP ERFTRE PP ERD AR FY iR F kG EESS
._, 2~

—\\

LN

FOPFREEHIF LA I A0 - ZA 0 RN EE A FBBER
r@iii%mg&gﬁ:f SEARRETFRERE BB EL

% 48 +7 ;% (hexahedral method) » & > 2 #ic &
FAFEER S FREREE S 129597 B 0 4oF] 3.6 ¢

Flp A AEHE Y Lk F R T AR S H

2 Y

o F FRF Y F MWk F & JF TG species transport 4o 2 54(3.8):
9
o) == (D5) +S (3.8)

v

B CEREZCEF T ou s AR 0D S ik S & JRIE(source
D ULIE O YRR 2 g e A 2 %

¥
v

term) ° 5
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aii (D%)I% FECIE > B3 A T A R R B R R TR SN e

SHRE PHAFERFCES R AEHE L P EFTAL U HER
?%”*-ﬁ-@*n% P o

B oo A F 23k v Rk 5 mass flow rate inlet 0 4 F &R T RIFK G

e A ’
VI

pressure outlet = > gauge pressure 5 0° @ *hF B FEhF R 5 B e
AR BB Ps K 5 mass flow inlet = > b & £ 0% KIMO b &3+ (3)
5 VT 100) &8 > b @4 R 5 F E4+3% o

Teco Hitachi
conditioner conditioner
Door Infiltration
‘Window and wall
Infiltration

B33 24 5P % BT
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-

B 3.4 7 % » v (Inlet)£2 1! r (Outlet)

Teco conditioner Hitachi conditioner

Door Infiltration

--------
_____

B 3.5 ety &
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Bl 3.6 BT iR

3.4 FHEK T

Bty oz et 2 fh% 0 ANSYSFluent 3 B s B2 # {5 B 40T 7))

K

1. — 43k 7(General): % T_5 & 4 3L % (pressure based):* & » # & =

2k %_5 absolute FFRF ¥ 5 F_& LR LMY
PR S IY > TR 3K TS A (transient) o £ 4 K T AHEY $hiK T
%-9.8g/m? -
. BCAIR T(Models): A T 2 B2 i 4 s A2 F G = féﬁs?lﬁm
B n A I0A AR AL R 27 (viscous model)iE B F AT k-
g(standard k- model) > #4 & I8 & Z iF P~ it £ 3+ & (energy equation)
FlRET F ¢ R ﬁgl:i » ZEPS AL ﬁ%] #-3] (species model) >
3K E_species transport °
) ﬂ‘iif;é_iﬁﬁ(Materials):H FLiE # R & 7 595 (mixture-template) > 2 &
PedEd F ~F F8kf e

3¢ (velocity formulatlon)

4. # B % i (Boundary conditions):

(a). P = (Hitachi)® & ~(Teco):4 § » v #¥(inlet)X T_5 mass flow
rate » B & i 5 A B 4 0.15kg/s & 0.16kg/s » #HE Y B AR R T
SR v % p|E: 9.4°C(Hitachi) £ 11.4°C(Teco) » -k

rb /\

—*‘t

{3

v

L
2]

—\
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F B 5 0.0065kg/kg & 0.0083kg/kg > b # x=0 - y=0 ~ z=1 &
x=0~y=0~2z=1 o
(b). &g e &b  (infiltration inlet)3k %_% mass flow rate »
FEiF 5 0.11kg/s & 0.118kg/s > z  ® & 5 32.6°C > K f
E 5 0.0222 -
(©).4 m (wal)38 A > e F R X T i 260C £ B F G
4.357TW/m’K -
(d).p =& L <4 5% & z(outlet)k T 5 pressure outlet o
5. A=44% 1T i% i (Solution initialization): 424~ % BB 4 5 101325 +5
(Pa) > 42457 § & 27.4°C > -k & 0.0174kg/kg -
3.5 KfFER T
RiFE S 2k T2 FE%k 2 SIMPLE - 2 &2 » % @ 347 1* (spatial

discretization) ! ¢ 3% & least square cell based 3+ & 4~ & (gradient) » /& 4 3%

4 VL3R 3K = FE(second order)it & o = PR b R 2 (second order Upwind)3* &
# & (momentum)’ — F¢ + kb ;% (first order Upwind):- & ¥ 7 # it « (turbulent
kinetic energy)#? ¥ /i 475 € (turbulent dissipation rate) » ¥ ¢t = F¢ b h j*

S RS F ¢ 2k F (Ha0)# § F (02 it £ (energy) ¢
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Gt i prw Y MY ATIQ0I8) & 4o F 3+ $i4 Gk B plen
Fid o URAGAE AT EAFRT VRIEFARRGERN &
15-330C » 5B 113 50-90%) > H ¢ BiplL F S - oo BRIA KR

o
8:10am-12:10pm > 10:30am-14:30pm 4 % J& & % B € » & B FIg 5 30

AZERIFTHRS TRFALARLERSEH FINERLGFS S
%iig&,yﬁpﬁf'gﬁ;é)gkiiﬂﬁﬂ30 AaatE G 10 2 4E L RBIFT RS S
AU [5Hh- e g @i A, g P & 2o p R pix
£ Waé?F’“?ﬁi’»FJéé’z;éﬂ?o % Il 5 s 7 a FER™ (24 ] )4
}i’iié_i'ff‘%“?l'%Iﬁ?.5§112¢$%aéif AR RAF LM Ay
B o FALFE I8C o p i B E G Jﬁnf"w;é%%}ﬁ@fﬁﬁﬁﬁz FLE Br:)

o F- BAF IR TERL R 1,5%&‘*’@ EIT s ERIL R
FABR-FHRIT AT H R THRE EPZF AL HIS
Tod S F(I8Mp 2B IS5l Albf) -1 &Rk »rv B S5

EP R T -
FHL B DA FHPEREPNE S 2B B AR HY o
SRR oW 44 BF L AL R - FIRAY O RE

Bl
FREFERRE > FIPEEREAKE P RLLS(Y- L)
WP ETHMBPIRES S04 0 BRFES B S00ml EAr s B E TS S5 R
ke @’U?%$%%10@ﬁ’%@ﬂ%%ﬁ@ﬁ%TiU?iﬁ
EREIZEE L BEHEZPNEZ NI R IRAEEE > BAY ST EFLE
BT E G AR EAEL TP T YRGS B 500ml EAr 0 B
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TR R A FUORET R BEAT L o R BRI Gk A ERIFR S
S EPER > 9:00am 3 12:24pm > 4o B 4.1 o
Bk #d S0 F By 24 | FER > AZP Y ol K
E-BEBRRY  BRFLF A RS RE-RBRA O OBRRIMEZNE
BRSO FEPEFRRRARESRTL(G- I ) BT RS B
500ml MEAr A W B TR LA RCKE N T R MPREEE L0 A& R
ﬂ%ﬁﬁﬁﬂ%Tzum+ﬂLﬂaﬂiii” sEE PN 2 A RR
Bi-fcid A7 50 WA E G Lakd Aa o T g vl
SREH S B S00ml A 0 AT UL R R A FUREW R BFAT L R0 2
PlAFUkzZ A ERIFRE G BT FFE > 13:37pm I 17:00pm > 4§

o

Turn air Open After | Close Turn air
conditioner . windows = | x : - windows conditioner
off and door 1our and door

Bl4.1 #5142

Clost: Turn air Start measure
Atrer 24

windows # conditioner condensed
hours

and door water

Bl 4.2 5% 114 2

BEUR BRI KA

a. TR~ bR R - BRURR BB ARYT AER 0 A5 GM-
108A) » B RFAE 5 £1C > 8B ER RHFZL E 5 £5% < BB
B3 B(E 5 5 A5LSH-121)» B RAFAEZX1C BRAEFLES
+5% o

b. ® % #BHL, %15.ND3000) > & £ % 0.1g-

c. 500ml “&+5 -

d. 3 PF E(Amber > 35 GP-6) 4§ 4.3 -
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»

.

e

@) (b) (c) (d

= ii:g""
S T\ e
(GM-108A)

Bl 44 FRRFZE

42K ERREAEEH

FI1* - 5 22 FROREREHE RS HEUS F L RUR R k8
MUEP PP g @] 34 AP A ORI RE PP R o U 405 5 Y
B HESEAETY R F I R ST A A 8 LR 5 PP AT B 4 i
N AN T Z AR T A LT 2 F BT ERERTPPHE e
TRESLZFEENBFIFLEL RGNS L THEHS L DL
PR BOREILS o 2P B AR 4.7 AT

PR R Sk BB 4.5 A o PR EINA - FP P E B

KB Oh AL ([ N B ELRIR % 1L B35 8 4% ¢0 Arduino #2358 @ Arduino
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UNO B %45 » F 53k p #3524 & 2 R (solenoid valve) # B - &% 1§ 423" p
ARt TR M- 2l O DINIPAE =] O 0 S i = £ I SS 1 = SZF IR = 5
PR EPN ] AR E M G AR dI RS B oM > s E R
i A A TR R S RES SR R E R AP
RIERE PN Bt VP EE A 2 RO T < F R ST S
SR (R m B4 G 1% F R)EGK R R~ PRI T L Bk R
TR R A R ST L Rk Boeii R 0 BT e
7k it & & 3xp| 2 (failure analysis) ©

PORERERR Y RE I

1. g t5(&£ &% > CDS-13B) > 1/4 & 4 > 4§l 4.8
2. Bk 74 (50)
3. PP A B (3/4 v 2RA%)
4. 7 2R (120VAC, Normally Closed, % i% %4k s seB *)
5. ¥ M
6. ¥R 3h3T T B SR
7. ek BT dRER
8. H-KE kAP H(E 4.6)

Water
tank

% é : Concentric Swaged Nipple

] 5
= : Solenoid valve
>
e‘] j: :Hex nipple

Drain
pump

Bl4.5 #KE & %r 2R
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©) ® ()
Bl 4.7 2@k B ERERA L HF
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B 4.8 40 4

RIAPEE Lo I SE Ak T

431 KB R ERLER

12 Arduino UNO R 3 4% T % 8 Arduino #75% > ] * %7 E(relay)? &
TR 0 %3 Arduino #4258 p B3| T B(relay) B M PFRF > i2a f24 T
BRBM PR o f TRREEL RFE A 0% B ok faon » Mgkt
KBE R %5 Arduino UNO #2487 SRR » ¥ £ 50 B TER
Fol b ke  THEZESETIFMEEF TP DR
KE o gt eb s 2 ¥ 4I* Arduino UNO #54]ec 2K B et K > £ 08
BEemBA5 ke v @37 b RpER g k8 3Rk B fody o

Fye kR ER S 12VDC fy ~ TR NN e IR S ER R i
POl R RABL R RN T BB M o T BRE L | S5VDC TR
FHTRS2ZBMP & - 587 BHEMATF S A5 # ¥ # (normally open,
NO)& % B (normally closed, NC) 7 B » & 7 o — B 4T §_ 330 2 #7150 5
i Arduino Az frdEMirdlZ s @ BT B R TER T B 5 Y&
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*E T ES #mrx‘[ﬁ;}—ﬂz KERT 12V At RS S REEEES G
#AEARY o HEF L D12V 5~ TR > Arduino UNO £24 T B 47 5. %
BT RE SV MR- MR 2V TR G S EHERT Y AR
Kk B Ear AR 58 e L298ns &1 sk B R 7 T B
kA gIFRAMIB RIS E ) p it LK EAp
Fozo B BB N ki T okay Bl s AR R K KA 4.9 frT 0 T4
i AR S B 4.10 ¢

43.2 TR @ 5

SRBE  TRREREAABT TR LBLEERER F1 P Y
12— Arduino UNO #tp M & jc b > BRB4-R 411 BY & BRI g
BN E(ACSTI2)R £ A T 2 e AP R B B3 L B2 T ka0 42
AR Aesd BROKES SRR TR § ACSTI2 B RIFIR R

I - % TR EPF > i Adruino IDE B 7% T AR T SRR T
PR %F;’E}é’( » ¥ 02— ¢ % termterm cAY 0 ¥ L #- Arduino o B 2 TR
AR Y O BRAR 4o AT O A R o T Aok
BEEPHR REPFRLROMPRR A3 L RE RN
kAT 2| BRI AL T I E A ik R TR e W
4.12 -

ozl

S
=L

12V DC Motor

Float Switch
(Activate motor)

3D Printed
Chamber

W49 $k B MR WH e
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12vDC
Power Supply

12VDC
Motor

L298n
Module

)
%" Float
Switch

12VDC Power UNO Board
Supply

Solenoid Valve

Bl 4.10 #3241 % it S E

ACS712 Commercial
Pump

|
220V AC Power

Supply

Pump(This Study)

|
e

12VDC Power
Supply

ACS712

OESIESEEIC R
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r {Water Tank Control Control
: Solenoid Valve System
: [ Solen Valve A ] [ Solen Valve A ] ) Arduino
- UNO(Control) T
| Float -
[ Des1gn C01111nerc1al Switch
Pump Pump Activate 4 Computer
\ Pump / y,
/
. /
- 2 ( dui ~ | Store Data
ACT12 Hall AC712 Hall Arduino ‘
Current Sensor Current Sensor \M/ . . Water Path
‘ — : Data Transmission
Read Data

@ Sensor System
B 412 2R P& TR B ks
44 %34 3D FEr ok R

4.4.1 3D 5| & 44 1L -HIPS
R PR B ARRE S CPORE SRR S E el FREF -
TR R FEEG - TeniEe A 0 7 ANSYS SpaceClaim 3D
¥BE 3D sl k@& 3D S HET X5 E 0 ¥ L e B R (Poly
Lactic Acid, PLA) ~ 3 % % -7 = %f-% ¢ % ABS(Acrylonitrile Butadiene
Styrene) iy ~ @t B B ¥ ¢ *# (High Impact Poly Styrene, HIPS)% - 4 &
HORL e s fssh4e 1 21ig 42 5 PLA 2 9% > HIPS & § # 3 4  ff rifF &
PREEEFRTE ORE S S EERLEY D 2 - o B R
R IT ABS B D AR g A > 7 A S BAETMEF o PR AP
ABS o F|pt o AFT R E HIPS (i KPP @K B A 23D 5| B
FF ¢ 4 (polystyrene) ff 4 PS - d HHg¥ e ""TF <Styrene>f?x€ KRS
FoHA-FBEIEP ORDTEIRLR BN T F i PRY
L (EAEFRIET 25 R REck ¥ TR E RS H - 1L
Gom A dffLde A AR~ e PR PR BRI IE TR AL M RE
GP o vEHsBAERLERL A RS o BR T A K (Butyl rubber)dE
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FArBRF BBV L S mEFEZ RF e G HE T AN - s
=~ #A% > LR 7 % (Isobutylene)¥z > £ & ~ = “H(2-7 £-1,3-7 = )& K
Fooo AHBEG AHL CEEABABE L S T WW“ ~# R
W s ¥R FLARE s B LR SRR

4423D FWE X F &
Yo ATi o pRE P S ROk EREE B i B 8 A ANSYS
CFD Pz 3D % Bl#c48 SpaceClaim % %l » £ 2§l 4.13 ¢ 3D 5|er s -
(QTS > 4% M200 Plus) 7| &
F - 3D AEBINE G ORE R LSS AR Blherf o e RO

Ba#EAF AT SR BB ERAE S L SR S S
3D AE M G 0 R RE AiEH R § AR BEAL SRR 3
g%g@ S Fr 3D A A EREC A X ] s Bk B
E O R AR E S A R TR R BRI B P B A B ko

*A P E = B 3D P B S (TRRE i{@flj&ﬂ%}?ﬁ(pattern) N
B F(infill)&2 & % (layer thickness) © 7 £ 3D ‘g B -4 Skacie * 2
BEphs B EPFF 2 L5 3D ik e 3 ARl &
Pattern0 I Pattern2 il 8 7|6 » LR F 7|52 B0 - R § 7
B AR g BT AT 3D AER S A B R AR R R R VR R
Bl &k 7| Er ~ 2 > Pattern0 Bl %k ¢ 2 2 % & fqefken~ % » @ Patternl &2
Pattern2 =% % 4p17(5] 4.14) -

BEFUZEFFET F 10%  50%2 100%2 = fER % ke~ it
EF Fd 10%= 2 100% ~ 22 e RBAREP ¢TEFT T 8"
Moo deB] 4150 2 d RBARRE S| EPER G M o0 Patternl ¥7 Pattern2 2
Pattern0 &% % > 3K T_100% 2 F FCEH)E FRAZERB R 20 KB AR
P F AR ERE ORI ERGBRE R T A %Y 0T
F oo T e BB R R % o Pattern 2 Bl R 22 50%EF F AR B R E oo

43



£ ¥ % _Pattern2 &2 50%EF {50 L BT B 5 REAI|ERIFE M
464 % (0.09 ~ 0.14 + 0.19 # 0.29mm)7|& | — = & » 2% 4of] 4.16 #F
ﬁo@ﬂFW@ﬁ$ﬂ’%¥%$ﬂ$’%aﬁﬁaﬁ%ﬁ%’%$%
0.19mm fr 0.29mm P> & @ 55 7 Fl 4 6 44K 4 8 0.19mm £ 0.29mm
CRTEE ST F AR
AR P PR EAG L iE2 3D 7

F)2 0.19mm & B

®] 4.13 QTS-M200 Plus 3D 7| & 4
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First Second

Pattern(

B414 =7 FRIFRF 7200

Pattern 0 Pattern 1 Pattern 2

Infill : 10%

Infill : 50%

Infill : 100%

Bl 4.15 7 FEF F(infill)¥? 7 F Pattern 2_ \* &
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Layer thickness: ~ Layer thickness:  Layer thickness: Layer thickness:
0.09 0.14 0.19 0.29

Bl 4.16 F 2 _Pattern2 £2 50%3E R 5 > %3 b A B 2\ i

POREBE S XG5 0 At SpaceClaim #i#8 g W E ¥ 3D BpF
PLATT GEOREARR O P E RE YRR S LR 08
A TITIRE ST BROREE P AR KA A E I ST RUES
ABFT L 2 2 e T AW o FIA L D Ak Tt e B
54 B EDARRE T E S -

3D A EPF iR A RIS AT IR - R (raft) ) 2R ES N LR E
T S B A AR AU BT S b e B A Koo S B R S| K
BAFAT S BT A A R A RE Y B A BB TIE Y RIS
B X EQ2mm)a F b ¥4 4ol 4.17(a) 0 » B Rdhes L3RS o F]yt o
BE P ERH AL 4mm oo o B _0.8mm H 4 I 2mm {8 FliE F
Mo R e E o bt SRBERMERT AN E Y oI ek
it s ERAK 0 A& F 3D A EE S 04mm o e E VIR F
¥ 0.4mm s Flpt S B endE i i L § DV IREAT I § g0 mrﬂ"’l ' i
& 7| 527 3D f#l?]‘ﬁmé‘fﬂi AT A H B FAE R R E L
DHEMAA B il A A A DR G LR RE S o oW 417(0) T

N S AR s MR R KRR B B R R - g
Ao d TP B {HEEY O TR EV TR AE T B

\‘m

VeREZK 3R L ¢ 5 Rk vEEY(water chamber)®r 2 — B F ¥ (cover)im® B~
o 4ef] 4.18(a) T o FIE S H I RRASG B A X F RITE Y -
Bt ¥ RHE A ER Rl B f BREGPEEFRTES S
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ST FIU R B R S ) TR RERG BRI Rk
vedt b E A - B B E o hti o YRR AL
PRES R Z I S L F R SRR AEAR Bk
TR KT Z R RE - T AL oW 4.18(b)4 7 -

Need to add
thickness part

Broken part

B 417 3 ¥k e @) (b)is

(b)

Bl 4.18 #-kpzzt(a)dl s 1(b)al:t 10
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4.5 3K B p R

4517 F 5 &2 A B P
FORREOREI BB ERGALEKE S KR F R B
% B KA F R A U 4.192)220V fEte s 5 & (Daikin
unknown) ~ 4.19(b)12V -k & i JT-180A) ~ 4.19(c)12V B int M| 5 i
(Nichibo ~ Mabuchi)#2 4.19(d)12V & ;=& k] B i (Nidec ~ Jia) » 4@ 4.19 -
BIFE 5V 5 @ 248 Android i ki® play R Y T - LG Bkt
TR RN KRR R ZRY BN EF ERTHEL I RDT H
fo 0 B ERIFRF L 3044 £ '\‘sz}\,% ExweEs b B
BIFESE Y MH T A FE LRI P TR é_”]i*%éiﬁ'hff’*ﬁ%ﬁ
Pl B 2Rk B EFREAFTR FI NI R b HFLIRT &
FERPHEFERTHUTANRERBEF AR TR THEIT £
Z_wEg A B e
FXPEDAERFTHRZERE 0 R ARL ,?—%i’%iﬁgé_ipﬁg
K H4e 3D AIE S X OB o £ RS g Y R T TR S
%L 30 F R ERFATTRHREZFRENE 9L L(RELLAR) &
FheE B E 030 fiiEt o AR BRI Rk A EEFEE
B304 T L > RGEMP L EREPF R E 30 B SRR
TRIDPERG R & EPFEE o MR THos LT RaE L 194
B(REZ1AR) A disswy™ - BREE-

452 7 I 5 i 2 & i# Rl
B i PRI A > B8 % Arduino w2 ¢ LM393 iz ¢h &Pl Bl
35 e Pl A A g i PR 0 4ol 4.20 A1 o H ¢ Bl 4.20(b)dE i A5 AR F) F
FE B F - Bddhe S EARY 2 ApR 0 J1* 3D FErEr )
ﬁguk%é%wiﬁﬁ’ﬁﬁﬁiﬁi%ﬂﬂ’ﬁﬁﬁ%ﬂ§w°%ﬂ
* & frist 5 i (Daikin) ~ itk B E(JT-180A) ks ¢ 5 3 F 5 > mi2iE
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BT RE o F I 220V iR B (S P) S 12V E R RS
12V E Jf & A5 &8 17 00 o0 i sd Rl

453 % F 5 i 2 @B
g i # 4E(torque) il R I8 A F] & $}J £ ;% 5 iE (Daikin)~ it-k § E(JT-
180A)fihss 9 & B 3% » R Z 7 oL 0 R5E » FIRt EAERR Y A4

220V’Wﬁ@fﬁ%ii(éﬂﬂﬁﬁw)*IZV'E> 4 R)BE 12V E R E RS X

=
BT e

L A —
-—— o o o oy,

« JI- 180A(12V) /

- o o o o E—
e

o o o ——

e em e o o o

Mabuchi

e o mm mm mm mm Em mm o o m

B 4.19 () fE R0 (b) 2 imimok & i (0)E in$ AI(d)E in & ]

(a) (b)

] 4.20 (a)Arduino LM393 &3+ i 2. (b) i i# 75 42
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HAERIFES Z40B 421 P77 0 F AN 3D S EE S - B
d) PRBEHT > BHpho R 2B &4 ERF B4 ERF
% % F #4BHL,ND3000)T = F » g & i pF > T
WOR@D O MFEUAERSFEDFEIENEEH L4 EL 0

L = F(gw) X D(cm) 4.1)

B 421 @gEEpEES ED SN
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Aty 5 -3
Ix BF8HEm

5148 kERES

oy LERDREP S BRBRTOFL RS A BE
BERVERIERFFY 535Ce Brif2 BRREKE VS RI&Y
FRERFLFREICH > A BRFLFRA6-11% 7 BBAR
BRI FL T AR ARAFLLIC  BAFALZ15% F L FRER TP
AV ho RRELNRS -

0%
® | 1o = Accuracy  Accuracy
= ;
. 1 90% (Mfr)t1°C  (Mfr)+X5%
v =
S o~ s
S < Temp Error(C) | RH Error(%)
‘5 =B80%
® 'E 0.4 -1%
o
8 . g% 0.1 -11%
£ °
£ Thermometer o & ——8—Hygrometer -06 -6%
& SH-121 60% pehobe
[ sl —&— Thermometer —&—Hygrometer -0.5 -7%
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Door Leakage

Area
AC Leakage
Area
B 59 AT FREIMLF ERBH
% 54 kb i ¥ &2 b B(Wen's Phoenixx, n.d.)
Wind level Wind speed (meters per second) Wind pressure (kg/m2)
0 0.t00.2 0
1 03t01.5 less than 1
2 161033 1
3 34t054 1t03
4 55t07.9 3to7
5 8.0t0 10.7 71014
6 10.8 t1013.8 14 10 23
7 13.9t0 17.1 2310 35
8 17.2 10 20.7 35 to 52
9 20.8t024.4 52to 72
10 24510 28.4 721097
1 28.510 32.6 97 to 128
12 32.7 t0 36.9 128 to 164
13 37.0t0 414 164 to 206
14 41.510 46.1 206 to 256
156 46.2 to 50.9 256 to 312
16 51.0 to 56.0 312 to 377
17 56.1t0 61.2 377 to 449
Greater than 17 Greater than 61.2 Greater than 449
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Mass fraction of H20(kg/kg)

Mass fraction of H2O(kg/kg)
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’ \\ Eaine: Energy input across boundary due to air
| Eo: In|.t|.al energy . infiltration
I m,: Initial water mass 1
| AMg ac = My- M ac : Mainr: Water mass input across boundary due to air
: ’ ’ X infiltration
| T
1 1
I I AM e = Vaink X Pair(Waine — AWg.ac)
1 1
Lt ’
”
/ ACT ACT Me, total = AMg ac + AMpjne
System
boundary
(open)
B 5.27 § % & Sud BT
1400 1400
g’ 1200 g 1200 o o 5 -
‘E 1000 2 e ‘g 1000 ° °
2 ° 9 S
E 800 i) 800
g 600 - Saide 3 600 Mg total
5 o Mane 5 Maink
T 400 o Expt T 400 o Expt
[=] Amg ac =} Amg ac
o 200 ’ o 200
R e e e —
! 9:00AM 9:10AM  9:20AM  9:30AM  9:41AM  9:51 AM 1:47 PM 1:57PM  2:08 PM 21T PM 2:27PM 2:37PM
Time Time
(a) (b)
B 528 F o258 @)1 =) =4 KR
356 FEEEFHIE LR LR
# 2
ERER | RERAGORE(Q) | A F P ERE(Q) |HFBEFE A GR(Q) M F BEL F RE(Q)| R HFL(%)
09:10 AM 351.9 337 646 983 -179
09:20 AM 563.4 279 852 1132 -101
09:30 AM 939.6 157 968 1126 -20
09:41 AM 1093.4 113 1052 1164 -6
09:51 AM 1026.9 66 1100 1166 -14
10:01 AM 966.1 65 1149 1214 -26
2 2%l
ERFER | BERARLEQ) | AF7ERE0Q) [MF BBV ELRLQ)| M FBE+EF RE(Q)|F FFEL(%)
01:47 PM 1211 46 1180 1226 -1
01:57 PM 1204 92 1214 1306 -9
02:08 PM 1152 0 1282 1282 -11
02:17 PM 1097 0 1282 1282 -17
02:27 PM 1172 0 1282 1282 -9
02:37 PM 1137 0 1282 1282 -13
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%57 TRER A kg

Time(sec) 1st 2nd 3rd 4th 5th Avg(g) Avg(g/s)

5 16.4 16.3 16.5 17.1 16.8 17 3.3
10 34.8 34.8 34.8 34.4 345 35 3.5
15 52.3 52.3 52.0 52.0 51.9 52 3.5
20 68.7 68.2 67.8 67.5 67.5 68 34

# 5.8 TRER B #idy

Time(sec) 1st 2nd 3rd 4th 5th Avg(g) Avg(g/s)

5 27.9 28.4 28.3 28.4 285 28 5.7
10 57.2 575 57.5 57.4 575 57 5.7
15 85.9 86.0 85.9 85.9 85.9 86 5.7
20 109.8 | 1149 | 113.8 | 114.8 | 113.6 113 5.7

(@) : Water Tank

@: Solenoid Valve A

@: Solenoid Valve B

@: Condensate Pump (This Study)

@ :Commercial Condensate Pump

g] 5-29 E] @Kﬁlj /‘ "“"r ﬁE) g]
59 MET AP RE LT P ERFF 2 PR B

Time(sec) 1st 2nd 3rd 4th 5th Avg(g) | Avg(als) Stdev
1.0 41.3 40.6 41.3 41.6 40.7 41 41 0.43
15 724 72.9 72.5 73.1 724 73 48 0.32
2.0 104.7 102.5 | 102.8 | 103.5 103.1 103 52 0.86
25 134.6 134.8 | 136.0 | 136.0 136.0 135 54 0.72
3.0 159.0 157.0 | 159.2 | 159.0 159.5 159 53 0.99

2 AR Bl P By R

pEdla s TR THBES L L e 7RI aR g
KRR kg L R R AR TRER B TEE IR LT
ﬂ‘ii@%j,fi v o4 ACS712 £ Rl R e T ir R E
FemMPFRET 4 Arduino A 7RALTE » §ipF <8
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BEME Ayin 2 WfE > 3 E MR ES GRS R FEELT

20510 L AETRABREDHS LTS AR R T el 8 1S
Arduino B xR PR A PR REOREE E2 bRk T OUERR
EE I sEd Ko AL EA K S% PN o PR TSR Rk RE
o TR e g mﬁ&%’%?ﬁ@ﬂAMMw@’*%ﬁﬂﬂ
Er(print) N FIE AR T F o st ilARY g - BTtk od £ 5107 B
RIPGEEEREET 143 3 44807 BE 2 Arduino 3+ & EF L % & 4-4.6%
%Eﬂp\ » B 5.30 59 % E R EY Arduino 3+ 5 2 v e RMEAEL 0 0 R
square & 5 0.9974> A k¥ B A% p 2N B LR RE AT R TR

’Tﬁ;l‘ﬁ;‘7 7
ﬂz‘%“’gﬁz? 2 i i a3 & R Nl 3{:}7‘;?@?.,, Pkl
PFL 300 58K 5 1145g> 2 7 2 R BiF ivprs 5 5 18.5W o -1 35
FPPELFCR RS RAEEPEE AR KR o WF B IR | PR E
BTl #Fd QERAER U F SR OERF > 7 FIREEPR
T2 » - FHEPFR s F 18.5W @£ 2 42038 > 4200 57 VN
T b kg BB "ﬁ% =+ 54 ok ey 42 2. it £ ECG (energy
&I g & 511 955 o
2511 @0 b R BAEIEHEFRT L 25 REEPFT L
e EEPEFA S kg 2 RS R 25% 0 4Ly EEEN cwl 27 F
SRRV AR R s SRR N S R O L
ﬁ’ﬂ%*@ﬁﬁﬂ~’4?%ﬁ$$‘W@ﬁﬁ"ﬁmﬁﬂ#L$w
A4 2 kg od A ¢ AT REEH(THEEZ 5014 7 FREHEF
F(T2) % B> & ] pFj 42 3 Hicy {ﬁxfﬁ’%ﬁ"fﬁ AT R L
gt LRRES EREERF L 35§ F St TP E S 80g(T i) £
ﬁ;gﬁ),:af/;i 3ot KR 5 229g0 it P K Bho & S EHPER L 2.5
fjo & xT ook E L 130g(TF K L625 B FfF 0 EFEH A ) 17%)

consumption per gram) °
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FRT gk R s Sdgls BHEES A S R RG LK ER S 28%
AT ook B R4 135 % 0 F L AR 6 Y 40% 0 Bk RE A o

553 % F 5 Rl R
BiEekd s AF BAFE BN L HRG R DL TR RSB
Aﬂm@ﬂomﬁ%m;#kwﬂ%ﬂﬁﬁﬂ e A § O3 B
SRR GFER o BRI L 512

—\

% 510 xR B % #cdp 2 Arduino 31 5 B R

%ﬁggvm@ w2(g) |Error()| wa(g)
1.0 a1 | 39 | 43 | 410
15 73 | 70 | 43 | 725
2.0 103 | 99 | 40 |1034
25 135 | 130 | 41 | 1355
3.0 159 | 152 | 46 | 1581

wl:F % & Rl EcE (R * § F 4=) w2:Arduino % Bl #icdpit & &
w3 » F¥é~1‘5’iﬁ A

200 -
S Arduino Cal
e Expt
1]
>
g 150 ~ I
= 100 R
E T y=29.862x+12.726
ey
o R?=0.9974
c 50 .
= T
= &
£
<
0
1.0 1.5 2.0 2.5 3.0

Design Pump Run Time(sec)

B 5.30 :x -k B FH#chp 2 Arduino 3+ 5 B2 4% o 50
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F 501 sc AR B HRBEIR(F %]

t wl T1 T2 FL e ECG
(#) | () |Gl | @) |(Barrm) | (B215)
1.0 41 28 28 515 0.45
15 73 16 24 437 0.38
R PR R 2.0 103 11 22 410 0.36
25 135 8 21 391 0.34
3.0 159 7 22 400 0.35
B pRE 3.5 80 14 50 901 0.79

t P RBFEER wl: FEEREE(T ) Tl: Rtk T2: REEF
F(#)ECG : # “,% & Bk £ A1 42 ehit £ (energy consumption per gram)

ARLERIESER T I EEFRERE P F220V iR S 2
(unknown) & iz P4 LR - Wav plzEs LB @ 220V % £ iRt 8
¥ (Daikin) £ T Kk B £ (JT-180A) 5 £ fhes 3 & 35~ ¢h 8 Wi & R4 F #ic
& o -k BpI:EPE ¥ 2 Nichibo B E3 LT /& 12V kplzd - d £ 512 7
LA AI2VERT > £ 5 dHidd 3@ MikA L :Nichibo & & (25440
= /min) ~ # #| 5 £ Jia(16800 =< /min) > F |5 £ Mabuchi(11280 =< /min »
# ] Nidec(8700 =< /min) - » . d @ K& A 5 : F &] Mabuchi(59 dB)
F /] Nichibo(50 dB) ~ j& /] Jia(42 dB) ~ # | Nidec(33 dB) ks § it &
TR 4L s 3R 50 4 R e

Bl 531 AV RIAFPTRTZHF MEEMSEE2 AL ¥R
A7 R S5-12V F > § k15 i Mabuchi ¥ % » # = % #] 5 & Nichibo
&5 E Jia o B enE & F) 5 i Nidec o d B 5.31 FIREM B THRT F
BEs LM BEAMEIWREHLFE- T I EUEPEL L 2 BT
hefgid o B 532 A RTRTIMEAMS IR ZBKE > J BT FER
% 5-12VDC ™ > 3 J| Nichibo & Z ## 55 - H=x £ gk Jia § & ~ 5 &
Mabuchi 5 i - & k| Nidec 8 £ £ % > # ? Nidec 5 i A M3t 7V pFr g 2
Fedem @ By o Nidec 2 3857 B X #Foho @iy L5 HKag Fpt
BRI 2 gk ROt ok I fichp € S BB d 2 Nidec & A 5 i 3k 1F
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TR F 5 7-24VDC> Fpt {2 4§ Nidec ¥ Nichibo 5 i 2 | & h4n b if
ETaE

% 5.13 3t 4p 4 i& T > 1t & Nichibo § & 5 12 22 Nidec & f 5 & 14
fe 0 OB I A ggiE 5 14580 PF > Nidec & /)5 iE R E ST Ak o
A B gt TR 8%+ Nichibo » @742 4 (torque) i1+ Nichibo » #i# 4% § X
16800 p# » -k £ + = o o Pde sz s BT Rs R A o

% 5.14 3 4p e iE 7 o0t i Nichibo 7 #] 8 i 22 Nidec & /| 5 i en
ﬁﬁ’dﬁ%ﬁi*ﬁ?ﬁﬁﬁ@&&me&mMM®mmmmmmL
RPW) % | % = {5 B 875 2.9 18-20 Bl/SL o) > 7 ki 3 1 b 4>
e771-2 #j>Nidec & i 5 iF chér 5 % m*m;é >+ Nichibo 3 /] % i£ - #-Nidec
BiE R L 17640 BF > H k145 22 Nichibo #:# 5 16860 FF £ 7 5 >
A A4 i B LB Nichibo(~10-20%)+ 2 i & § & P 4 (77 o & { &
fe IR { % 9 B ey KB fE > 2 #b > Nichibo & iz @ # ™ 2 2 B30 % 3¢

| o

FIFRS
A
SN

= »

F
Nidec £ A5 % & f fPEBARAET 24 412 Lo~ A
R P e
2512 2R BEN I RTRTEELE LD 2B R
Unknown jz & 3¢ Nichibo Mabuchi Jia Nidec Nidec

RPM | dB | RPM | dB | RPM | dB RPM | dB RPM dB

\ RPM dB \

10140 | 40 | 4620 | 55 | 5280 | 33 7 | 4920 | 28 15 10800 | 28
8
9

\

220 | 6900 39 5
Daikin j &3¢ 6 | 12360 | 43 | 5580 | 56 | 7080 | 35

7

8

9

<

5700 | 28 16 11580 29

\ dB 14580 | 44 | 6600 | 57 | 8820 | 40 6360 | 28 17 | 12300 | 35
220 48 16800 | 47 | 7500 | 57 | 10380 | 47 | 10 | 7200 | 29 18 | 13080 | 31
JT-180A 18720 | 48 | 8400 | 56 | 12000 | 43 | 11 | 7920 | 29 19 13860 | 40

V dB 10 | 21060 | 49 | 9420 | 58 | 13740 | 49 | 12 | 8700 | 33 20 | 14580 | 34
12 51 11 | 23160 | 47 | 10440 | 60 | 15360 | 48 | 13 | 9300 | 36 21 | 15360 | 33

12 |25440| 50 [11280| 59 |16800| 42 | 14 | 10140 | 33 22 16020 | 38
23 | 16860 | 36
24 | 17640 | 32
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RPM(revolutions per minutes)

5

Decibel(dB)

dB Comparison

Fa <>
O O < <& o < o
X O X X —
0 V.
X
X X
A A A A A
< Mabuchi dB
[ Nichibo dB
X JiadB
A Nidec dB
5 6 7 8 9 10 1 12
Voltage

Bl 531 v MEEMEET FREBRT &AL K

3.0E+04

2.4E+04

1.8E+04

1.2E+04

6.0E+03

0.0E+00

[1Nichibo RPM RPM Comparison
X Jia RPM 0
< Mabuchi RPM 0]
A Nidec RPM
O X
- X
- X
o >< P
0 X o o
X ; o v A A
X o < A A
X @ A a
5 6 7 8 9 10 11 12
Voltage
B 532 5 RIEEMEET P TBRTZHEE VR
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# 5.13 Nichibo 22 Nidec 5 iE4p e T T /0 ~ 424 240 [t

Voltage Torque |Current
v | FPM % |grem)| @)
Nichibo 7 14580 | 44.1| 186 0.8 25 29 33 34

Nidec 20 14580 | 33.9| 138 0.23 | 24 29 31 33
Nichibo 8 16800 | 46.5| 198 0.9 28 33 36 38

Nidec 23 16860 | 35.5| 156 0.27 | 27 32 35 36

Nidec 24 17640 | 32.4| 165 0.28 | 28 34 36 37
wisii8 - ) PR ke

% 5.14 4p F #&:# T Nichibo 2 Nidec 5 i 4£ it " &

Wig W1 5¢ Wog W2 55

I'jifls Wl.Ss WZS WZ.SS

ROML | REWH Was | Wass | Was | Woss | wig) | wig) | (wig) | (wig)

Nichibo| 14580 | 18 | 251 | 144 | 95 74 0.22 0.13 0.08 0.06

Nidec | 14580 | 18 | 219 | 121 | 85 64 0.19 0.11 0.07 0.06

Nichibo| 16800 | 18 | 304 | 172 | 117 | 90 0.27 0.15 0.10 0.08

Nidec | 16860 | 20 | 263 | 148 | 102 | 79 0.23 0.13 0.09 0.07

Nidec | 17640 | 20 | 275 | 151 | 107 | 83 0.24 0.13 0.09 0.07

RPW: ik % sk or 3 & 2 i Bl Wi - 4 i) #£2 i £(X) Wiodi-
(A S SN S eE =
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#include <TimedAction.h>
#define ammeter AQ

//Time System
float startTime = 0;

//Ammeter System

float val = 0.0048875855327468,;
float sensitivity = 0.185;

float Zero count;

float amp = 0;

//Safe Float System

#define SFloat 4 //define Safe Float pin

//Float Switch System

#define Float 5 //define  Float pin

//Motor System

const int Motorl = 6; //initialize the relay pin which to control the motor 1
const int Motor2 = 7; //initialize the relay pin which to control the motor 1
int M1State = LOW; //set motor state

int M2State = LOW; //set motor state

long Mtime = 1000; //define motor runtime

long interval = 0; //set a time to calculate the interval time

//Solenoid System

const int Solel =2;  //define Solenoid 1 relay pin 2
const int Sole2 =3;  //define Solenoid 2 relay pin 3
int S1State = LOW; //set Solenoid 1 state

int S2State = LOW; //set Solenoid 2 state

void setup() {
Serial.begin(115200);
pinMode(ammeter,INPUT);
pinMode(SFloat,INPUT PULLUP);
pinMode(Solel,OUTPUT);
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pinMode(Sole2,OUTPUT);
pinMode(Float,INPUT PULLUP);
pinMode(Motor1,OUTPUT);
pinMode(Motor2,OUTPUT);
}
void Ammeter(){
startTime = millis();
//Serial.println(analogRead(ammeter));
Zero count=0.0;
for(int i =0; 1 < 1500; i++) {
Zero _count = Zero_count + (analogRead(ammeter))/1500.0;
delay(1);
}
//Serial.println("zero count=" + String(Zero_count));
float voltage = Zero count*val;
//Serial.println("Voltage=" + String(voltage));
voltage -= 2.53;
float amps = abs(voltage/sensitivity);
//Serial.println("Amps=" + String(amps));
}
void SafeFloat(){
if(digitalRead(SFloat) == LOW){
S1State = HIGH;
S2State = HIGH;
digital Write(Sole1,S1State);
digital Write(Sole2,S2State);
}
else{
S1State = LOW;
S2State = LOW;
digitalWrite(Sole1,S1State);
digital Write(Sole2,S2State);
}

return;
b
void FloatSwitch(){
if(digitalRead(Float) == LOW){
if(M2State == LOW)/{
interval = startTime;
M2State = HIGH;
Serial.println("Motor On");
Serial.println("time="+ String(startTime/1000) + "s");
digital Write(Motor2,M2State);

delay(Mtime);
digital Write(Motor2,LOW);
Serial.printIn("off time="+ String(startTime/1000) + "s");
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else{
M2State = LOW;
digital Write(Motor2,M2State);

H
}

}
TimedAction ammeterAction = TimedAction(interval, Ammeter);
TimedAction sfloatAction = TimedAction(interval,SafeFloat);
TimedAction floatAction = TimedAction(interval,FloatSwitch);
void loop() {

floatAction.check();

sfloatAction.check();

ammeterAction.check();

}
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#include <TimedAction.h>
//Time System

float startTime = 0;

//Ammeter System

int ammeter = AOQ;

int ammeter2 = A2;

float val = 0.0048875855327468;
float val2 = 0.0048875855327468;
float sensitivity = 0.185;

float sensitivity2 = 0.185;

float Zero count;

float Zero count2;

float amp = 0;

float amp2 = 0;

//Safe Float System

#define SFloat 4 //define Safe Float pin

//Float Switch System

#define Float 5 //define  Float pin

//Motor System

const int Motorl = 6; //initialize the relay pin which to control the motor 1
const int Motor2 = 7; //initialize the relay pin which to control the motor 1
int M1State = LOW; //set motor state

int M2State = LOW; //set motor state

long Mtime = 2000; //define motor runtime

long interval = 0; //set a time to calculate the interval time

//Solenoid System

const int Solel =2;  //define Solenoid 1 relay pin 2
const int Sole2 =3;  //define Solenoid 2 relay pin 3

int S1State = LOW; //set Solenoid 1 state
int S2State = LOW; //set Solenoid 2 state
void setup() {

Serial.begin(115200);

pinMode(A0,INPUT);

pinMode(A2,INPUT);
pinMode(SFloat,INPUT PULLUP);
pinMode(Solel,OUTPUT);
pinMode(Sole2,OUTPUT);
pinMode(Float,INPUT PULLUP);
pinMode(Motor1,OUTPUT);
pinMode(Motor2, OUTPUT);

b

void Ammeter(){
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startTime = millis();
//Serial.println(analogRead(ammeter));
Zero_count=0.0;
Zero_count2=0.0;
for(int i = 0; 1 < 1500; i++) {
Zero count = Zero count + (analogRead(ammeter))/1500.0;
Zero_count2 = Zero_count2 + (analogRead(ammeter2))/1500.0;
delay(1);
}
//Serial.println("zero count=" + String(Zero count));
//Serial.println("zero count2=" + String(Zero count2));
float voltage = Zero_count*val,
float voltage2 = Zero count2*val2;
//Serial.println("Voltage=" + String(voltage));
//Serial.println("Voltage2=" + String(voltage2));
voltage -= 2.49;
voltage2 -= 2.49;
float amps = abs(voltage/sensitivity);
float amps2 = abs(voltage2/sensitivity2);

Serial.println("DIY Pump Amps =" + String(amps));
Serial.println("Drain Pump Amps =" + String(amps2));
if(amps2 > 0.03){

Serial.println("Drain Pump ON");
b

}
void SafeFloat(){

if(digitalRead(SFloat) == LOW){

S1State = HIGH;

S2State = HIGH;

digitalWrite(Sole1,S1State);

digitalWrite(Sole2,S2State);
h
else{

S1State = LOW;

S2State = LOW;

digitalWrite(Solel,S1State);

digital Write(Sole2,S2State);
h

return;
}
void FloatSwitch(){
if(digitalRead(Float) == LOW){
if(M2State = LOW){
interval = startTime;
M2State = HIGH;
Serial.println("Motor On");
Serial.println("time="+ String(startTime/1000) + "s");
digital Write(Motor2,M2State);
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}

else{
M2State = LOW;
digital Write(Motor2,M2State);

H
b
b

void off(){
if(startTime - interval > Mtime){
digital Write(Motor2,LOW);
//Serial.println("off time="+ String(startTime/1000) + "s");

}
}

TimedAction ammeterAction = TimedAction(interval, Ammeter);
TimedAction sfloatAction = TimedAction(interval,SafeFloat);
TimedAction floatAction = TimedAction(interval,FloatSwitch);
TimedAction offAction = TimedAction(interval,off);
void loop() {

Serial.println("Time="+ String(startTime/1000) + "s");

floatAction.check();

sfloatAction.check();

ammeterAction.check();

offAction.check();

95



