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Call for Papers

Grand Renewable
Energy 2014

International Conference and Exhibition

Advanced Technology Paths to
Global Sustainability
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International Solar Energy Society
ises Asia Pacific Congress 2014

The 2nd Asia Wave and Tidal Energy Conference

July 27(sunday)-August 1Friday), 2014
Tokyo Big Sight, Tokyo, Japan
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CHAIR PERSONS" MESSAGE

The importance of the rengwable energy technalogy has bean grow-
ing significantly since the beginning of the 21st century and will con-
tinue throughout this century.

Thus, it is our great pleasure to inform you that we are organizing
Grand Renewable Energy 2014 {GREZ014) international conference,
which follows the two conferences of RE2006 and RE 2010 held in
Japan. The Organizing Committee will carry out extensive activities
for the success of GREZ014 with our continuous slogan " Advanced
Technology Paths to Global Sustainability” . Many prominent experts
and organizations concerned with renewable energy participate in
the committee, in the fields of academia, industry, and govermment,
not anly in Japan but also from the various countries of the world.

Expectations have been growing worldwide for renewable energy
technologies as a solution for energy and global ervironment issues;
izsues projected to become maora evident and seriols during the 21st
cantury. According to some long-term projections, renewable enargy
may satisty half of the word's energy needs by 2050. This would put
renewable energy on the same level of importance as conventional
energy. Mareower, more aggressive forecasts predict that renewable
energy might supply two-thirds of the world' s energy by 2100,

We, the spadialists invalved in the field of renewable energy tech-
nologies today, should accept this challenge and respond to these
ambitiows targets this century. Doing so will influence our direction
and quality of life in the future. Knowing that renewable energy is a
peaceful energy resource present everywhere on earth should inspire
us to further its development and dissemination. At this important
time in history, you are invited to contribute to the progress of
renewable energy technologies. You can learn about the |atest cut-
ting edge technologies at GRE2014. This conference is a joint event
arganized together with the International Solar Energy Society-Asia
Padfic.

The international conference will be held at Tokyo Big Sight from July
27 —August 1, 2014, In parallel, a world exhibition will be open for
three days from July 30. Tokyo Big Sight is located within easy access
from both Haneda and Marita Intemational Aimports.

We, as the organizing committee, welcome all participants, not
only those preseniting papers but also those just interested in listening
and discussing. We sssuredly provide all of you with the sharing of
innovative information on the latest trends of smart renewable
energy development for the 21st certury which is linked with glebal
econamy growth.
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CONFERENCE ORGANIZATION

Organized by:

The Grand Aenewable Energy 2014 Organizing Commithes

Co-Organized by:

= lapan Courdcil for Renewable Energy UCRE)

« International Solar Energy Sodety (5ES

= Wew Energy and Industrial Technology
Development Organization (MEDD)

= Matiomal Institute of advanced Industrial
Science and Technology (alsT)

Asented by:

= The Federation of Electric Power Companies
of lapan

= The lapan Electical Manufadurer s Assaciation

= lapan Autamobile Manufacturers Association,
nc

« Petraleumn Assodatian of Japan

= The Japan Gas Assodatin

= The Japan tron and Steel Federation

» lapan Federation of Corstructian Conftractors

= tzpan Eledro. and info. Technalogy irdustries
Assadation

= Communiations and Imfo. mebwork Assodatian
af Japan

= lapan Assodation of Water Work Indusiry

= Thie Japan Sccefy of Mechanicd Engineers

» The Japan Soclety of Applled Physics

= The Irstitute of Electrical Enginesrs o tpan

= The Chamical Sodety of Japan

= Architectural Institute of tapan

= The sockety of Heating, Alr-conditicning
and saniary Enginesring of lapan

= The Electrochemical Sockety of lapan

» The Scdety of Chemical Engineers, Japan

= Resaanch Institute of nnovative Technology
far the Earth

= The Instituta of Appliad Enemgy

= The Institube of Energy Economics, lapan

= Central Aeseanch nstiute of Electric Power
ndustry

» The Erergy Conservation Cerer, Japan

= New Enangy Promotion Coundl

= lapan Photovltalc Energy Assodation

= lapan Wind Power Association

= Haat Pump &Themal Storage Technalogy
Center of Japan

= The Japan Heat S2nice Utibtles Asscdation

» The Lapan Institute of En

= Japan Sodety of Energy and Rasoures

= lapan Weaather Assoclstion

= Spfar System Development Asscoiation

= lapan Federation of Housing Organkations

= lapan Construction Material & Housing
Equipment irdustries Federation

= Institute for Bullding Ervironment and
Energy Conservation

= The Japan Institute of Anchiects

= The Hydragen Energy System Sodety af Japan

= Fugl Cal Development information Center

= The Research Assoclation of Hydrogen
SupplywUtilization Technology

. Enaneenng Advancemint Association of Lapan

= Fud Call Commernclalzation Conference of lapan

w» National Institue for Envinonmertal Studies

= lapan Agency far Marine-Earth Sclenca
and Technology

Supported by:

= Ministry of Economy; Trade and Industry

= Ministry of the Enviranment

= Mintstry of Land Infrastnicture and Transport

= Ministry of Agrioature, Forestry and Fisher-
ks of lapan

= Ministry of Education, Culture, Sports,
Sdence and Technology

Collaborated with:

= Takahashi Industrial and Ecanomic Research
Foundatian
= Fufi-5ankef Businass |

3

= lapan Sdence and Technalogy Agency (ST

. :vla Industrid Science Research Institute
HISRI

= Wew Energy Foundation (MEF)

= lapan Solar Enengy Sodety (SES)

= lapan Wind Erergy Assoclation (WEL)

= lapan Asrospace Exploration Agency

= National Mariime Ressard instituie

= Port and Ahport Research Institute

= lapan International Research Center For
Agrcultural sclencea

= Natlonal Agriculture and Bio-oriented
Research Crganlzation

= Matkonal agriculture ard Food Res=arch
Crpanization

= Forestny and Farest Produds Reseandh Instiiute

= Mational institute of Matedd Sdence

= Izpan Oil, Gas and Metaks National Compora
tion

= Ocean Energy Assoclstion - lapan

= The lapan Society of Maval Architects and.
\DCEan Enginesers

= Institute of Marne Engineenng, Japan

= lparese Assodation for Coasta Zone Studies

= The Gaothermal Research Sodety of lapan

= lapan Geothemmal Developsrs' Coundl

= lapan Geothemal Assodation

= Zag-Heat Promation Assoclation of lapan

= Tuibo Machlreg soclety of lapan

= The Academy of Hydno Power

= The Japan Scolety of Fluid Madhanics

= The t3pan Refiigeration and AF Condidoning
ndustry Association

= Japan Soclaty of Refrigerating and Alr
Condfticning Engireers

= Heat Island Instrute Inbernational

= Phatowohalc Power Gereration Technolagy
Research Assodation

= Resaarch Association for Technological
nravation of Organic Photovalialc

= Fuel Cell Commencialzation Conference of
Japan

= lapan small wind Turbines Assodation

= lapan Asscclation of Wind Englnesring

= Windpower Promation Network of Local
governments

= lapan Alcchol Assodation

= The lapan Organics Recycling Associztion

= Commisson hwm:]EthgJ Genike Rurd

= lapanese Business Alllance for Smart Energy
Wiorlcwidz

= lapan 5cience Foundation

= Bparese Association of Groundwater Hydrokogy

= Semiconductor Eqapment Assodation of lapan

= Integrated Research Systern for Sustairablity
Soenos

= EU-Japan Center for Industrial Cooperation

= Japan Grganiation for Fromation of Renewable

Enengy
- A part, under aoepitance process

=,

—————)
= hantsty of Internal Afiairs and Communications
= Ministry of Foreign Affairs of Japan
= Czhinet Office, Government of lapan
= Takyo Metropolitan Governiment
= Yokohama Munidpal Government

- & part, under aooepiance process

.

= Commemarative Ormenization for the Japan
‘World Exposition ‘70 {espected
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Dear Dr. Heng Yi Li,

Thank you very much for your email and for the oeti
This is the Abstract Desk for GRE2014.

We noted that you will be the presenter of theralossno.00099.
Thank you again for joining us and we look forwémdvelcoming you soon at the conference.

Sincerely yours,

Abstract Desk
Keiko Nishi

Secretariat of the Grand Renewable Energy 201dagan Convention Services, Inc.
E-mail: grand-re2014.sec@grand-re2014.org

——————————————————————— Original Message -------—----------

From: % 8 <hyli@iner.gov.tw>

To: "grand-re2014.sec@grand-re2014.org" rame2014.sec@grand-re2014.org>
Date: Mon, 2 Jun 2014 23:12:51 +0000

Subject: RE: Grand Renewable Energy 2014: Informnaftor Your Presentation(00099)

> Dear Sir:

> Thank you for notice. However, there is a mistaitee presenting author of the abstract 00099 isHeag Vi Li.
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A NOVEL THERMOSYPHON FOR
GROUND HEAT EXCHANGER

Heng-Yi Li, Meng-Chang Tsai, and Chi-Fong Ai
Institute of Nuclear Energy Research

A ground source heat pump (GSHP) is a heating anting system that transfers heat to or from tfmugd. In this
paper, a GSHP scheme using the reverse loop thgpmms (RLT) as the ground heat exchanger is prapoBee RLT
could not only transfer heat from a heat source treatop to a heat sink at the bottom but alsesfiex heat from bottom to
top as traditional thermosyphon. The feasibilitytoé RLT is verified by experiment. By following @rmnd conduction
equation and vapor compression model, it can be ¢ GSHP with RLT ground heat exchanger hasawedt condenser
temperature, so its COP is the highest and elezdrisumption is the lowest.

Keywords: ground source heat pump, ground heat excharggehdgat mode, thermosyphon

INTRODUCTION

The Taipei climate is very hot and humid during
summer, and little cold in winter [1]. Hence, efegl
energy consumption of air conditioning is a serious
problem in summer. To save energy, ground soure¢ he
pump (GSHP) is a good choice for energy saving air
conditioning. A GSHP is a heating and cooling syste
that transfers heat to or from the ground by udimg
ground as a thermal energy storage tank. Heat itfibg
is stored in ground in summer for cooling and taken
from ground in winter for heating. In a year, halyd are
more than cold days, so energy saving of coolingadse
effective than heating. However, GSHP needs thargto
heat exchanger (GHE) loop to circulate the heatierar
from ground to the heat pump loop [2]. The GHE loop
demands an electrically pump for driving. To impedhe
heat transfer efficiency from the ground to thethpanp,
ground heat exchangers based on the thermosyplm us
CO, as the working fluid were investigated [3].
Nevertheless, the heat source side of traditional
thermosyphon must be lower than the heat sink wde
circulate the working fluid naturally. Hence, the £O
thermosyphon can be used only for the heat pump
extracting heat from the ground, and not for réjecheat
to the ground.

In this study a GSHP scheme using reverse loop
thermosyphon (RLT) as a GHE is proposed. The RLT
could not only extract heat from the ground, bugoal
reject heat to the ground. The system layouts eseribed
and the feasibility of the RLT is verified by expagnt in
the following chapters. The performance of GSHPhwit
RLT is calculated and discussed.

SYSTEM AND ANALYSIS
System Description

A GSHP scheme using the RLT as the ground heat
exchanger is proposed and operates in two moddbeln
summer, the heat pump operates in cooling mode and
removes the heat from the building to the grounthwi
RLT as shown Fig. 1. In this mode, the indoor unit
functions as a evaporator, the coil heat exchanger
functions as a condenser and the ground functisna a
heat sink. In the winter, the heat pump operatdweating
mode and extracts heat from the ground to the imgjld
with RLT as shown Fig. 2. In this mode, the indoaitu
functions as a condenser, the coil heat exchanger
functions as an evaporator and the ground functiena

heat source. The RLT was proposed by Ipposhi[4]s Thi
design could transfer heat from a heat source theatop

to a heat sink at the bottom when power is turned®
shown in Fig. 3. Besides, the RLT could also traniséat
from bottom to top as traditional thermosyphon when
power off as shown in Fig. 4. The RLT functions as a
GHE whose pipes are inserted in a U-shape into a
borehole. The borehole is constructed verticallyttie
ground. The heat carrier fluid flows down to thétbm of

the borehole along one pipe and back upward inhanot

pipe.
Performance Analysis

To analyze the performance of GSHP, the energy
interactions between building loads, GHE and heatp
must be considered[5]. The heat transfer in GHE is
usually analyzed in two separated regions: theoregi
inside the borehole and the soil region surroundhng
borehole.

The borehole inside is filled with the thermal
conductive fluid such as water. The heat trangiside
the borehole is determined by the thermal resistasfc
RLT. It is expressed as follows:

Rn = (Tvapor _Tcondense)/QRLT (1)
where Ry, is the thermal resistancel, . is vapor
temperatureT ongenserlS CONdenser temperature, aQf, +
is the transfer heat of RLT.

For modeling and simulation of vertical boreholes
installed in the ground, Kelvin's line source theand
heat conduction equation are used. The temperature
response in the ground due to a constant heatisate
obtained as[6]

@)

To(rt)-To =71 jeru

where T4r, t) is the soil temperature around the single
boreholey is radial coordinate (mj},is time (s),Ty is the
initial temperature of soilg’ is heat flow rate per unit
length of borehole (W/mk is thermal conductivity (W/m
K), anda is temperature constant.

Considering the single-stage vapour compression
cycle, the coefficient of performance (COP) of GSldP
cooling mode is expressed as:



QeF @iso E7m

comp

coP=

®)

where Q.is the heat input of evaporatoWe,,, is the

power input of compressdF, is the factor of safetyj, is
isentropic efficiency of compressor, ang, is motor
efficiency. Q, and Womp are obtained from the

properties of given refrigerant at cycle specifimatwhich
includes cooling capacity, evaporator temperature,
condenser temperature, pressure loss, and heat loss

RESULTS AND DISCUSSION

The feasibility of the RLT is verified by experiment
and the measurement temperature points and pretatyp
two-phase RLT apparatus was shown as figure 3. Hight
type thermocouples were installed as the figure alhd
temperatures signals were connected to an Omega dat
logger and continuously logged. The temperature
measurement uncertainty was + 0.1 °C. To avoid therm
loss, fiberglass foam insulation was used to caher
evaporator, reservoir, and the entire pipe line.

Figure 5 shows the temperature variations over time
with 660 W of heat input and 60 % filling ratio of
methanol. The heating on mode is kept for 3600 rse:cib
can be seen from the figure during the heating adem
that the temperature high low sequence (Ch1> Ch2>Ch3
Ch4> Ch5> Ch6> Ch7) agrees with the flow direction of
Fig. 3. Temperature curves of the evaporator (CH2h2)
and condenser (Ch4 & Ch6) oscillate. The oscillation
amplitude of Ch4 is approximately 1.5 °C, whereas the
others are lower than 1 °C. The temperature trenihef
condenser outlet (Ch7) is linear in this mode. Tikato
say the thermal energy store in the water pool of
condenser is stable. After the power shut-down, the
reservoir becomes the heater of two-phase RLT apsara
The temperature of Ch5 and Ch7 increase quicklys Ehi
because the saturated vapor flows reversely thraligh
and Ch7 and demonstrates that the apparatus reverses
natural convection as shown in Fig. 4. In contride,Ch4
temperature declines rapidly because the satukatpdr
drive pressure is suddenly loss. Temperature Chheas
“shaking appearance” in the thermodynamic equitibra
process between the evaporator and the reservoir.

Table 1 shows the characteristics of the two-phase
RLT with different filling ratios. The thermal retisce of
the two-phase RLT was calculated by equation (1)
considering that the temperature difference betwiben
vapor and the condenser inlet temperature from 660W
heat input. The reverse start time is the timenake
for reverse flow overcomes the buoyancy and dowtheo
condenser when power is turned on. This is theydétze
between the evaporator heating starts and the osede
inlet temperature (Ch4) begins to rise. It can ngbat
the thermal resistance reaches minimum at 60 %dill
ratio. Besides, the reverse start time reaches ramirfor
filling ratio is greater than 53 %.

The proposed GHE loop is consisted of borehole and
RLT. The borehole is manufactured in tank shapedill
with water inside as shown in Fig. 6. The borehalsk
has six fins around the periphery to enforce heat
conduction. The manufactured RLT is divided into two
parts. The upper part above the lid of boreholek tan
connects coil heat exchanger and cylinder resemwitir
loop as shown in Fig. 7. The lower part under tide |

locates inside the tank for heat transfer to thmugd as
shown in Fig. 8.

For the case of Taipei in summer, it is reasonably
assumed that the atmosphere temperature is 32 °8 mnd
deep soil temperature is 25 °C. The rejected heatie
length of borehole is assumed to be 100 W/m. Thie so
temperature profiles around the borehole tank are
calculated with equation (2). Fig. 9 shows the soil
temperature around single borehole tank at t=24shdu
can be seen that the temperature reaches maximthe at
borehole and decreases with the distance from the
borehole. The overall temperature grows with tinmel a
the maximum temperature is still lower than atmesph
temperature after 1 day. Fig. 10 shows the soil
temperature around double borehole tanks at t=4.day
can be seen that the maximum temperature of double
boreholes after 4 days is lower than single boeshéier 1
day. This is because the heat flux in the soileases due
to double heat transfer surface.

For another case, the average temperature is agsume
to be 35 °C, so the heat pump works in cooling made.
keep indoor air in 25 °C the evaporator temperagiset
to 15 °C. The performance comparison of heat pump in
cooling mode for three different heat sinks is chlted
with equation (3) and shown in Table 2. This warkione
by software CoolPack [7] and using R410a as refaigier
It can be seen that heat pump with RLT ground heat
exchanger has the lowest condenser temperaturés so
CORP is the highest and electric consumption is 5bf%
forced air cooling.

CONCLUSION

A GSHP scheme using the RLT as the ground heat
exchanger is proposed. The feasibility of the RLT is
verified by experiment with 60 % filling ratio ofethanol.
The soil temperature profiles around the borehaé are
calculated and evaluated. The overall soil tempegat
grows with time and the maximum temperature id stil
lower than atmosphere temperature. By following vapo
compression model and using R410a as refrigeranani
be seen that heat pump with RLT ground heat exchange
has the lowest condenser temperature, so its CQlfeis
highest and electric consumption is 51 % of foreéd
cooling.
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Fig. 3. Measurement points and prototype of twosgha
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Fig. 6. The shape of borehole tank.



s0il temperature around borshole at time=24 hours
T
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Fig. 9. Analytical solution for soil temperatureand
single borehole tank.
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= At time=4 days 1
,
Fig. 7. Reverse thermosyphon loop above the lid of - : ' :
borehole tank. Fig. 10. Analytical solution for soil temperatur@and
double borehole tanks.
Table 1.The characteristic of two-phase RLT for different
filling ratio
Filling Vapor Condenser| Thermal Reverse
ratio Temperature Inlet Resistance| Start Time
Lid of borehole tank (%) (°C) Temp (°C) (°C/W) (second)
47 149 76 0.11 700
50 146 78 0.10 700
53 114 79 0.05 400
57 109 80 0.05 250
60 106 77 0.04 250
E 63 109 76 0.05 250
3
Table 2. Performance comparison of heat pump itirapo
mode for different heat sinks.
. Condenser Elec.
3/8" copper tube Heat sink COP
diameter=20 cm - - Temp (OC) Consu.
pitch=2 cm | Forced air cooling 50 411 1.00
txne=2f Cooling water tower 40 6.293| 0.65
RLT ground heat ex 35 8.114 0.51

Fig. 8. Reverse thermosyphon loop inside borehalle. ta
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Introduction

TheTaipel climate is very hot and humid during sumyaed little cold in winter.

The hottest day of 2012 wdsly 10with a high temperature @00 °F (37.8 °G)and the
hottest month was July with an average daily heghgerature 084 F (34.4 °C)

Hence electrical energy consumption of air conditionis@ serious problem in summer.
The high-temperature urban areas are knowrl@sn heat islands (UHISYHIs worsen
the efficiency of air conditioner and increase t&leal energy consumption.
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T System and Analysis

© In this study a ground source heat pump (GSHP)mehesing reverse loop thermosyphon (RLT)

as a GHE is proposed.
® In the summer, the heat pump operates in coolindenamd removes the heat from the building to

the ground with RLT.
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GSHP with RLT in summer
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-t System and Analysis

® In the winter, the heat pump operates in heatindarand extracts heat from the ground
to the building with RLT.
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_ RLT ground
(Indogr ; heat exchanger
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) Compressor
Warm Air

<j <j Coil heat
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—
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GSHP with RLT in winter
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System and Analysis

This design could transfer heat from a heat soneee the top to a heat sink at the bottom when
power is turned on.

Besides, the RLT could also transfer heat fromdvotto top as traditional thermosyphon when

power off.
Power turn on Power shut off
Ch2 Ch7
(surface temperature (
— ___--- ({surface temperature
of evaporator) (. = of return liguid)
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(The vapor
temperature) Condensing liquid
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of liquid or vapor out
chs , W of reservoir
(surface temperature -
of pre-heat liquid) ==y, e
[ Liquid
High Temperature ¥ Ché
Liquid = t— (surface temperature 4
e T of condenser oulet) som || Bl | | e
Ch4 S |l || = pim || ol | i
+|||—
(surface temperature - B || e || I Ch8 —l <
of condenser inlet) . (water teTEerﬁgure of S E—
pool bat

(Condenser)
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=3 Results and Discussion

® The RLT comprised an evaporator, a condenser,leept@&eservoir, and pipes connecting each of the
components. The evaporator comprised a 72 mm ogroepper slug in which 10 electrical ohmic heavezse
installed. The condenser comprised 620 mm long &épper coil and a temperature controlled bath &ath
exchange and storage respectively. The reservoipgsed a 3% stainless steel tube with a height of 200 mm
and 2 caps (50 mm in height).

327 10s
Temperature N Sf;"-z(-”._?al?-‘-"
Sensor & Heating Vapor - Liquid Line Height 50 mm
-
Control T 4 Reservoir
b 3 o . 3T 108
Copper Slug Working Fluid ‘ <304 tube

Filling hole

O 114 mm
200 mm long

Cross Session

The

/ Evaporator ng
/ (Heat Column) )
o) E
i= =
e = =
L .= —
. 2 =
= ||
] Return Line (|| & =
-7 Vacuum Sensor =
Pt : : 2" Capper tube ThogT—
o & Display = 127 88304 tube
. , 2 P TR W a,
Electronic Iron Needle
Heater Coil valve
6OW . )
1 fm Insulation
E=
S o U
. Condenser (Copper i
Vacuum Pump . (opp AT
Coil) i

Frims il ¢ paeg e 1he schematic of the two-phase RLT design andefice photo.



Results and Discussion

The heating on mode is kept
for 3600 second. It can be
seen from the figure during

120 1
_— the heating on mode that the
— Power Shut off .
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%0 agrees with the flow
T direction.
5
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The temperature variations over time with 660 Wiedt input and 60 % filling ratio of methanol.



Results and DISCUSSIOMR; = (Mo ~Teongenss J/Qrer

Filling Vapor Temperature Condenser Inlet | Thermal Resistance Reverse Start Time
ratio O Temp. (C) ("CIW) (second)
(%)
47 149 76 0.11 700 "
50 146 78 0.10 700 .
53 114 79 0.05 400 ”
57 109 80 0.05 250
60 106 77 0.04 250
63 109 76 0.05 250
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® Borehole tank
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Results and Discussion

© Reverse thermosyphon loop above the lid of boretaoik
® Reverse thermosyphon loop inside borehole tank
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%t\g\r;' Results and Discussion

The soil temperature around single borehole tatk2at hours.
General form of heat conduction equation in cyIiimircoordinates

2 2 2 .
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(5(%' Results and Discussion

The soil temperature around double borehole tanhksdadays.

20il temperature arcund double boreholes at time=4 days
I l I

Hole Temperature=28.9 °C
At time=4 days
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Results and Discussion

Performance comparison of heat pump in cooling nfoddifferent heat sinks.

Forced air cooling. COP = Q.F Wi, Wy
Wcomp
CYCLE SPECIFICATION

Te[Cl: [150] ATy [KI: Aps, [KI: [0.5] [ Ho sGHX ~| [030] R41DA ~
TelPCl:[500]  ATsc [KI: [2] App, [K: [0.5]

CYCLE CAPACITY

| Caaling capacity Ge (k] ~| Qg : 10 [KW] Qg : 12.34 [KW] M : 0.0667 [ka/s] Vg: 5.26 [m°/h]

COMPRESS0OR PERFORMANCE
|Isen1rn:|pin:: efficiency m: [-] j 5. 0.700 [] W: 2.429 [k

COMPRES SOR HEAT LOSS
| Heat lass factar 1g [%] - fg: 10.0 [%] Ty: 75.7 ] Q055 : 0.2429 [KW]

SUCTION LINE

|Unuseiu| superheal ATy 5 [K] j QEL; 114 (W] Tg: 21.0 [5]] ATgy 5+ 1.0 [K]

alculate Print | ? Help | fal Home | Auxiliary | State Points COP: 4117 COP*:4.164

G RN R E
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Results and Discussion

Performance comparison of heat pump in cooling nfoddifferent heat sinks.
Cooling water tower

CYCLE SPECIFICATION

Te [°C1: ATy [KI: Aps, [KI: Mo SGHX ~| [030] R410A ~
Te°Cl: [40.0]  ATgc [KI: [2] App, [K1: [05]
CYCLE CAPACITY

| Caaling capacity Gg kW] = | Qg : 10 [kW] Qg : 11.56 [KW] m : 0.05903 [Kg/s] Vg : 4.66 [m>/h]
COMPRE S SOR PERFORMANCE

|Isen1ru:upiu: efficiency n; [-] j s 0.700 [] W: 1.589 [k
COMPRE S SOR HEAT LOSS

| Heat lass tactor g [%] ~ fo: 10.0 [%] T,: 61.0[°C] QL oss : 0.1589 [KW]

SUCTION LINE

|Unuseiu| superheal ATy s [K] j QSL: 101 [W] Tg: 21.0[C] ATgy s+ 1.0 [K]

' Calculate! Pint | 2 Help || (3 Home | Auiiay | State Points || COP:6293  COP*:6356
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Results and Discussion

Performance comparison of heat pump in cooling nfoddifferent heat sinks.
RLT ground heat exchanger

CYCLE SPECIFICATION

Te[°CI: ATy [KI: Aps, [KI: Mo sGHX ~| [030] R41DA ~
TelPCl:[35.0]  ATscIKI: [2] App, [K1: [0.5]
CYCLE CAPACITY

| Caaling capacity Ge [kw] +| Qg : 10 [KW] Qe : 11.24 [kw] m : 0.05601 [Kg/s] Vg: 4.42 [m°Mh]
COMPRESSOR PERFORMANCE

|Isen1rn:|pin:: efficiency ms [-] j 5 : 0.700 [] W: 1.232 [kW1]
COMPRESSOR HEAT LOSS

|HE:E|1 loss aciar g [%] j i+ 10.0 [%] Ty : 53.5[C] {';'“_055 » 0L1232 [KWW]

SUCTION LINE

|Unuseiu| superheal ATy 5, [K] j lIl",‘gs_._: 96 W] Tg: 21.0[C] ATgy 5+ 1.0 [K]

"B Ealculate. Pint | 7 Help || (3 Home | Audiary | State Points COP:8114  COP*:8.192
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%‘% Results and Discussion

Condenser Tem

!

Heat sink °C) P COP | Elec. Consu.
Forced air cooling 50 4.117 1.00
Cooling water tower 40 6.293 0.65
RLT ground heat ex. 35 8.114 0.51

ey B S F
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%‘% Conclusion

A GSHP scheme using the RLT as the ground heat exehangroposed.

The feasibility of the RLT is verified by experimesith 60 % filling ratio of
methanol.

The soil temperature profiles around the borehalk &gae calculated and
evaluated. The overall soil temperature grows vimtie tand the maximum
temperature is still lower than atmosphere tempegatur

By following vapor compression model and using R4d9aefrigerant, it can
be seen that heat pump with RLT ground heat exavamas the lowest
condenser temperature, so its COP is the highest aciieconsumption is
51 % of forced air cooling.
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