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Fig. 1. schematic of enhancing dehumidification process in the conventional approach [1]
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Fig. 2. heat pipe heat excuanger (at two sides) and cooling coil (in the middle) [1]
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Fig. 3. a closed loop thermosyphon path
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Fig. 5. tube pitches in continuous plate fin [25] Fig. 4. some parameters of fin geometry [25]

= 9
z Z
— |z 2 —
Isa b2 g 'é }
1) >
1 7 } 4
) 3
fJ 3

I 1

&390 oSy 5 (uloyw J155 (59 51192 Ly sewmo yd Wiske bIU Cudgo .# JSS

Fig. 6. positions of various points in the path of air flow over coolong coil and WAHP
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Table 2. properties of the selected DX coil and WAHP for 100% fresh air AHU
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Table 3. properties of the selected DX coil and WAHP for 25% fresh air AHU
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Fig. 7. positions of various points in the path of air flow over coolong and reheat coils (conventional approach)
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Fig. 8. Variation of temperature and humidity conditions (for 100% fresh air AHU) on the psychromtric chart for
both conventional and WAHP approaches
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Fig. 9. Variation of temperature and humidity conditions (for 25% fresh air AHU) on the psychromtric chart for
both conventional and WAHP approaches
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Table 4. results of adding WAHP to an under-operation AHU with 100% fresh air
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Fig. 10.Variation of temperature and humidity conditions (for 25% fresh air AHU) on the psychromtric chart for
insufficient dehumidification and WAHP approach

olgn 4 Lo duglio goli jl aiges S «(oxiwliel polate &
OiSu ol 3 035 lon YD 4y by o diges Sy g 055 sl AV e+ gl
P Sl €858 158l Sluslre mls | diged S5 035 o0 )]
T3 2lo)S Ay Lwdin Slasuie )] )3 48 40 0 odalin V) S
ol plosl ylys Jlanl &5 5 Cagby 5 Led Clyuss dowlee ¢ ol 3l
Ll

2l 5 (YA) b (V) Lalgy S8 4 o0 plol losle gl duslia
Slp s F g AV ee Al Giawis) <858 J)8le s 5l Jols
sl 005 @)Y g 55 0jb slan VD s

pll Glusles a8 amd o LS Y oz 95 Jodo j3 0 &8l gl
Sl )IPlep bl Slaslre 4 S35 sl 039 ol ) o

sl pitne Slsls bilg) 5 A1 €85 i e cal il g 0292

&S5 oyl Slo s opl ) e &) sla Llod g Slaslbre & gexe
doke cage guyed ol Syl eolaiwl dacdls den > aS A
O3 J3d BB 039100 13 canlio (slod (ol g aldjicugh) dvg 5

5 sy 35! 5] U o

Slowlxo iow )lae! -F
L1y Slabre guls olg oo o plol Slavlxe (e jliel (4l
558 5 8 dulin ) gus] 8 8 2T 3o | ol ol
G 31 5 0395 paia ey ol Sosboee ) (o 31 85
S B 55 ) (Ko 550l Sl M 4 S
ool 50 e odlatwl lalgy aS 59 o Hlanl plply cul Wd 3 gy

1 ACT

ARTA



FYS LYY domio AFY Jlo o oylad D 093 pusS pual SlSlo (sties &yt

Results

Solution Parameters

WAHX Options

Select Selection Savings @ Face Velocity Dimensions
Fin Height mm
Rows 2 FPI 10
2 10 10.8 38.1 Fin Longih .
FPI Range . . Rows Finsiinch  Tons Cooling KW Reheat Face Velocity 27 mis
8 10 12 14
Air Flow 57 mdls Effectiveness 259 % Total Pressure Drop 96.24 Pa
Incoming Air Passive Cool Active Cool Supply Air
Dry Bulb (°C) 319 E 26.2 10.3 > 159
w= - [
Wet Bulb (*C) 257 >0 243 o 103 g = 127
00 0 09
RH (%) 613 il 3 85.0 o 100.0 0o 694
o Z I&J 'E
Humidity Ratio (kg/kg) 0.018 s Q 0.018 a' 0.008 = % 0.008
w Q
Enthalpy (kJ/kg) 790 E E 731 8 300 5 E 387
= =
Dew Point (*C) 235 w 235 103 w 103
Pre Cool Coil Active Cooling Coil Re Heat Coil
Total Eneray 381 KW WAHX wio WAHX Total Eneray 381 kw
Total E -288.5 -326.6 kW
Sensible Energy 381 KW otal Eneray Sensible Energy 381 kW
Latent Energy 00 kW Difference 108 Tons Latent Energy 00 kW
Maoisture Difference 0.0 kg/hr Moisture Difference 0.0 kag/hr
g Sensible Energy A15.1 1532 kW 9
SHR 1,000 Latent Energy -1734 -173.4 kW SHR 1.000
Moisture Difference 2546 2546 kghr
SHR 0.399 0.469
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Fig. 11. ACT software outputs for 100% fresh air AHU
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Table 6. comparison of calculations results and ACT software outputs for 100% fresh air AHU
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Table 7. comparison of calculations results and ACT software outputs for 25% fresh air AHU
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2 Coecfficient of performance (CoP)
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Table 8. comparison of energy consumption rates in conventional and WAHP-equipped AHU for 100% fresh air
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Table 9. comparison of annual energy consumption in conventional and WAHP-equipped AHU for
100% fresh air
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Table 10. comparison of energy consumption rates in conventional and WAHP-equipped AHU for 25% fresh air
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Table 11. comparison of annual energy consumption in conventional and WAHP-equipped AHU for 25% fresh air
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Table 12. comparison of various AHUs fabrication costs
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Table 13. costs of adding a WAHP to a AHU
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Table 14. annual costs of energy consumed in conventional and WAHP-equipped AHU for 100% fresh
air (consumer perspective)
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Table 15. annual costs of energy consumed in conventional and WAHP-equipped AHU for 100% fresh
air (govermental perspective)
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Table 16. annual costs of energy consumed in conventional and WAHP-equipped AHU for 25% fresh air
(consumer perspective)

&yl slwlgn
aYlw ‘5:5»45,0 P9 0 )Ld‘,.b u.é).aa.o olelw
o Sdy 482 9 (555
(JU oaeleo) (Jb paekeo) Yl
(Jb ogedso)
Y.Iva $AIY AV/AR 25 Forr abyai b 5y
AN aY/A YYY/A4 q.- 2 sl 4 Jb )
FV/0A \YY/E \#Y/QA VYo (uL,,,Q|”J.,;
AI¥ . AI¥ Fee Yooo adyni by 515
\Y/# . \Y/# Q.- W slilas Juy)
\SIA . VSIA ‘Yoo (xSen y0
Yana FAIY /14 Foe
AYLlo & 32 g goxo
fy/va \V/A AR RAYIARS Qe
S35l
OAIYA \YY/E YASIYA VYo

oSl Bl o5U gle AL Slo 2 Sdg gl lwlgd o wgw w jluled 13 AWl 65,51 Ay Y Joss

Table 17. annual costs of energy consumed in conventional and WAHP-equipped AHU for 25% fresh
air (governmental perspective)
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Table 18. economic calculations for installing a WAHP on a 25% fresh air AHU (governmental

perspective)
3,5 ,5 cclw Foe el Qee 3,5, el 1Y
3,5,

AR 7¥A 1.0 IRR-15
yyam ayYA/f VOYFIA NPV-15

JARI 150 1.0V IRR-10
Y&IY OFY/A ARRRVIA NPV-10

Y AR 1¥Y IRR-5

(Y- Y/AY) QRYAY) YPY/D NPV-5

(045G o 85 0331) 83U (5192 Y0 jluslgnd (1 gou 195 (bo S W) cur (3Ll dd po Ciluwle N4 Joun

Table 19.economic calculations for installing a WAHP on a 25% fresh air AHU (consumer perspective)
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2 Net Present Value (NPV)

1 Internal Rate of Return (IRR)
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Table 20. economic calculations for installing a WAHP on a 100% fresh air AHU (governmental perspective)
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Table 21. economic calculations for installing a WAHP on a 100% fresh air AHU (consumer perspective)
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Fig. 12. IRR variations with discount rate for a 100% fresh air AHU with 1200 hours of annual working (govern-
mental perspective)

Sl 0y90 Cygeo pl D &S 2gd e aB)S i > (b ooy 2y

I .\m|9> ))ol:9§ d.:l.a).w

aVlo L35 &5 586 =Y -V
3N el e (gl Wl L35 &5 b (o) pslaie 4
sy Claisl b gAY+ (6l Gl aVle (I3l 5 g jlulga
AN S )3 5 V(B cutSil g5 Olpes WSS 53 ¢ ieS
o3> ()L 03U slgn AN e jlolsa el s jlolsa ol Yl 35l
i) oAl o LB CuiS il £ 30 e odnlive 4 jghailen .cal 03
&P b (B citSl £ Ol sl polas L35 85 4 cad 4 o
ool Al Ve Jb 3] Gl 5l s &0 a0 L5 55
F3 85 OB g o3 yide Soml polie ) J3S £ 4 Cuns

VLo (55 (sl I 5 520 - <Y

e 8Vl Gl g5 i b AT ol i gy ol b

1 Internal Rate of Return (IRR)
2 Net Present Value (NPV)
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Fig. 13. NPV variations with discount rate for a 100% fresh air AHU with 1200 hours of annual working
(governmental perspective)
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Fig. 14. IRR variations with energy inflation rate for a 100% fresh air AHU with 1200 hours of annual working
(governmental perspective)
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Fig. 15. NPV variations with energy inflation rate for a 100% fresh air AHU with 1200 hours of annual working
(governmental perspective)
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Fig. 16. IRR variations with annual working hours for a 100% fresh air AHU (governmental perspective)
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Fig. 17. NPV variations with annual working hours for a 100% fresh air AHU (governmental perspective)
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