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ABSTRACT: Techno-economic feasibility study of using wrap around heat pipe heat exchanger
(WAHP) to improve dehumidification in air-handling units (AHU) was carried out. Hot and humid
climate conditions of north of Iran were applied. Two types of buildings, i.e. with 100% and 25% fresh
air were studied. Coupled calculations of cooling coil and WAHP are presented. Corresponding results
were validated with outputs of a software belonged to a reputable WAHP manufacturer. Performances
of WAHP-AHU and conventional AHU are compared. For economic analyses, two scenarios are
considered; first, WAHP is installed as a part of a brand new AHU in the factory. Second, WAHP is
installed as a retrofit on an existing an under-operation AHU. Results show that 5% and 25% of electricity
savings are obtained by using WAHP on AHU of buildings with 100% and 25% fresh air, respectively.
Also, regardless of energy consumption, the brand new WAHP-AHU is more than 20% cheaper than
the conventional AHU. For energy tariffs, there are two perspectives: a consumer perspective (with
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subsidies) and a governmental perspective (including no subsidy). From the governmental perspective, ~feasibility study

adding a WAHP to under-operation AHUs is profitable, i.e. an IRR of 45% and a 5 years investment heat exchanger

return is achievable.

1- Introduction

In hot and humid climates it is essential to dehumidify
the conditioned air significantly, otherwise, not only the
occupant’s comfort and health conditions are violated but also
the building material and the accommodated electrical and
mechanical apparatuses are exposed to the risk of damage. In
order to enhance air dehumidification in buildings equipped
with air handling units (AHU), in a conventional approach,
the air flow is highly cooled, using larger cooling coils, to
increase condensation. Consequently, the air temperature
falls below the acceptable range, therefore, a reheat coil
must warm the air flow again. An alternative approach
is application of a wrap-around heat pipe heat exchanger
(WAHP). Its evaporator section located before the cooling
coil precools the air flow and its condenser section located
after the coil reheats the air flow. Many studies have been
done in the field of simulation, design, construction and
utilization of heat pipe heat exchangers [1-3]. Also, many
researches have been done on the application of them to
enhance air flow dehumidification in AHU [4-7]. In this
article, the design calculations related to the direct expansion
(DX) cooling coil and WAHP used in AHU, as well as the
energy saving calculations and economic evaluation, are
presented. That way, techno-economic feasibility of utilizing
WAHP is studied.
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2- Methodology

Coil and WAHP calculations

In this subsection, first, the temperature and humidity
conditions inside and outside of the building are specified.
Then, heat and mass transfer and energy balance calculations
related to WAHP coupled with the DX cooling coil are
presented. Results are also compared on the psychrometric
chart.

Validation

To validate the calculations, the corresponding results
were compared with the results of a software of a manufacturer
of WAHP. Compared data include temperature and humidity
ratio before and after DX coil and WAHP, WAHP effectiveness
and WAHP heat transfer rate. Such a comparison for the case
of 25% fresh air is presented in table 1. As shown in table 1,
a very good agreement was observed between the results of
this work and the software outputs.

Energy saving

The amount of energy consumption of AHU in
conventional method and that with WAHP are calculated and
compared.

Considering that the use of WAHP is proposed as an
alternative to the conventional method, therefore, comparing
the energy consumption of these two modes can be a decisive
criterion in choosing the appropriate method. In order to
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Table 1. Comparison of calculation results and the soft-
ware outputs for WAHP-AHU with 25% fresh air

EWAHP — GWAHP Wy Ty
(kW)
calculations  0.33 36.7 0.007 153
software 0.31 36 0.007 14.9

calculate energy consumption, two different applications
are considered: 100% fresh air, e.g. in a hospital, and 25%
fresh air, e.g. for a restaurant. All calculations are done for
buildings with 3000 m? of space. Assuming that the height of
the floor to the ceiling is about three meters, the area is about
1000 m?. Regarding the application of a restaurant, this size
is reasonable, however, for a hospital that is very small. For
a hospital for example with 10000 m?, the amount of energy
consumed can be considered 10 times of what is calculated
here.

Economic analysis

Considering the price of energy in Iran and based on the
cost of fabrication a brand new AHU as well as fabricating
and installing a WAHP on an under-operation AHU, economic
analyses based on internal rate of return (IRR) and net present
value (NPV) are performed. It is obvious that for the price of
energy, both consumer’s point of view (including subsidies)
and the government’s point of view (real price) should be
considered.

3- Results and Discussion

Calculations related to DX coil and WAHP were performed
for different geometry specifications (including number of
rows and number of fins per inch) and different DX coil surface
temperatures. Finally, the selected set of characteristics for
the coil and WAHP, as well as the temperature and humidity
conditions of the outlet and the heat transfer rate of the
WAHP is determined as shown in Table 2. In the conventional
AHU, usually two middle-sized DX coils are used instead
of a very big DX coil. The different points in the air flow
path for the conventional AHU are 1°, 2°, 3* and 4’ which
represent positions at DX #1 inlet, between DX #1 and DX
#2, DX #2 outlet (i.e. reheat oil inlet) and reheat coil outlet,
respectively. Also in the WAHP-AHU, points 1, 2, 3 and 4
respectively represent the WAHP evaporator inlet, between
evaporator and DX coil, after DX coil (i.e. WAHP condenser
inlet), and condenser outlet. The conditions corresponding to
these points are demonstrated on the psychrometric chart in
figure 1. As can be seen, replacing the cooling coil number
two and the reheating coil with WAHP resulted in the outlet
air with almost the same conditions (points 4 and 4), while
the amount of energy required to cool it (enthalpy difference
from point 2 to 3) is less than the amount of energy required
for cooling in the conventional method (enthalpy difference
from point 1’ to point 3”).
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Table 2. selected DX coil and WAHP properties

evap. Temp. 6.5
V (ft/min) 526
DX coil number of rows 6
number of tubes per row 38
fin per inch 12
number of rows 2
WAHP number of tubes per row 38
fin per inch 14
wl 0.01213
T1 26.7
w2 0.01213
2 21
w3 0.00726
T3 9.6
w4 0.00726
T4 15.3
outputs RH 4 68%
WAHP heat rate (kW) 36.7
0.025 Psychrometric Chart .
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Fig. 1. variation of air flow conditions while flowing in
conventional AHU (1°-4’) and WAHP-AHU (1-4)

4- Conclusions

In this article, a techno-economic feasibility study of
the use of WAHP dehumidification booster on AHU was
performed. Heat and mass transfer relations were formulated
and the calculations results were validated with outputs of
a software belonged to one of the world’s largest WAHP
manufacturers. Also, energy conservation and economic
savings calculations for the weather conditions of north of
Iran were carried out.

Based on the results of energy saving calculations, using
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WAHP in an AHU with 25% fresh air reduces electricity
consumption by 25%, while in an AHU with 100% fresh air,
electricity consumption is reduced by only 5%.

According to the economic analyses, it can be concluded
that the use of WAHP as a retrofit for under-operation AHUs
is cost-effective only from the government’s point of view,
in which no energy subsidy is allocated. However, due to the
fact that the cost of a brand new AHU equipped with WAHP is
lower than that for a conventional brand new AHU, regardless
of energy saving issues, the use of heat pipe technology in
this case is also cost-effective for the consumer.
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Table 1. DX coil design parameters
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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
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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

Swg! 8 i 58105 53 036 glgp 7Y e v b slulgr Oluslone gl 1) JSS

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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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

oS wus 0 &hile jlalgn pow o jlwlen Yl G pao wlelw e §5 5
. RN
Yof. YYYY- 5o
A Yes.. f-490 q. . (KWhiyear) & G yuaro
foAe OFFS - VY-
fY. . S
JARE . £ Q.. (m*/year) J5 ;5 & pao
Af- . VY-
s lulen -y = bl il by Sl g3 letle )3 5 039 39290 Slulge

powaye lolgm =) =) =5
Sl jlelsn oxile <848 5l ond pbl cuagd pMatul lul
bocady wed 2lemgol bulys (clp canlio jlulgn oKiws & b )35
ol by 3)kle 0,05 &oo o)l (slon ZVev g VYerr Cfm 2olgn

P (s 5 oaolsn 5 5l cslolsS Jols) Sl Lol dlsis

Yy

bt ) &5 5,8 dag b cal o Sl 0,8 sl Lol iy n
pyoye P9y O dajp OUBI (Lol wSE oalatl (xSl
Sy3e ol e sboasze ol sl leSA Gl gy
s Slwle 3yly byl 51 s ol (S 5 0395 ol 5 4395
e85 Sy 4 baye bicued plaiul & Casl S5 4 p3Y uiman

ol Voo o 50 5lolsn oujle



YYS LYY domio OFeY Jlo o 0)led D0 095 «yueS ol SilSlo i 4y 3

slwlgd glgil Ca b a1 dwslio AT Joas

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)
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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)
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Table 19.economic calculations for installing a WAHP on a 25% fresh air AHU (consumer perspective)
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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)
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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)

\ARS



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

15%

(IRR) sts clSibF 5
M
[0
ES

—&— IRR (10vyr)
—8— IRR (5 yr)

0 500 1000 1500 2000 2500
Jha jo jlalga o 518 olelu

oSl 8w 31U (glga LYo e U lwlgd (gl A¥lw 3,5, Wlelw b J815 S 5L & 5 Oyt N8 JSW

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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