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EXECUTIVE SUMMARY 

In this study, a concept in using solar heat form a solar water heating system having a 

set of flat-plate solar collectors as a heat source to an AHT where the heat could be upgraded 

to a higher temperature is presented. Two phases of the study each of 6 months have been 

carried out with the details as follows:  
 

The 1st phase (Past Study: April-September 2010)

A H2O-LiBr AHT and a solar water heating system having a set of flat-plate solar 

collector have been designed and constructed to generate heat at a high temperature. Models 

for predicting thermal performances of the AHT and the solar collectors at various operating 

conditions have been developed. 
 

The 2nd Phase (Present Study: October 2010-March 2011)

In this phase, a simplified model of the AHT and the solar water heating system has 

been performed and the simulated results from the model are found to agree well with the 

experimental data. The models are also used to evaluate the possibility of the solar-AHT to 

replace or partial support the boiler for high temperature hot water generation.  A case study of 

a hospital is undertaken. It is found that there is a high potential to use the AHT to generate 

hot water at around 85 �C. Two sets of 10 kWth AHT are running in parallel as a partial 

support of a boiler to generate hot water and it could be found that the combined system could 

save fuel cost of which the short payback is obtained compared with the boiler only. 
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CHAPTER  1  

0Introduction

1.1 Absorption Heat Transformer 

Generally, heat will transfer from a high temperature heat source to a lower 

temperature heat sink. If we want to reverse the heat direction, a heat driven machine is 

needed and an absorption heat transformer, one type of heat pump, could be used.  Absorption 

heat transformer (AHT) sometimes is called as Absorption heat pump type ��. The unit could 

generate heat at a high temperature (over 100 C� ) from a medium temperature heat source 

(around 60-80 C� ) such as waste heat from industrial processes or solar heat. Figure 1.1 shows 

the concept of an AHT. 
 

Absorption 

heat 

transformer

Tho

Tmi

Tlo

Heat output

Heat input

Heat output

 
Figure 1.1 A concept of boosting heat to a higher temperature level by AHT. 

 

A schematic sketch and P-T-X diagram of the AHT are shown in Figure 1.2 and Figure 

1.3, respectively. At the AHT generator, a binary liquid mixture consisting of a volatile 

component (absorbate) and a less volatile component (absorbent) is heated at a medium 

temperature. Part of the absorbate boils at a low pressure )P( C  and a generator temperature 

)T( G  at state 1. The vapor condenses in the AHT condenser at a condenser temperature )T( C  

to be liquid at state 2. After that the absorbate in liquid phase is pumped to the AHT 

evaporator at state 3 of which the pressure )P( E  is higher than that of the AHT condenser. The 
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AHT evaporator is heated at a medium temperature )T( E  and the absorbate in a form of vapor 

enters the AHT absorber which has the same pressure as the AHT evaporator at state 4. 

Meanwhile liquid mixture from the AHT generator, at state 5 is pumped through a heat 

exchanger (state 6) into the AHT absorber to a high pressure at state 7. In the AHT absorber, 

the strong solution )X( max  absorbs the absorbate vapor and the weak solution )X( min  leaves 

the absorber at state 8. During absorption process, heat is released at a high temperature )T( A  

which is higher than those at the generator and the evaporator. This liberated heat is the useful 

output of the AHT. The weak solution at state 8 from the AHT absorber is then throttled to a 

low pressure through the AHT heat exchanger at state 9 into the AHT generator again at state 

10 and new cycle restarts.  
 

A
Q

E
Q

C
Q

G
Q

 
Figure 1.2 Schematic diagram of an Absorption Heat Transformer (AHT). 
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Figure 1.3 The P-T-X diagram of an absorption heat transformer. 
 

The basic equations for the behavior of each component in the AHT cycle are as 

follows:  

� Generator 

10105511G hmhmhmQ ��� ��� ,                  (1) 

5110 mmm ��� �� ,                       (2)                  

551010 XmXm �� � , )0( 1 �X .         (3)     

From equation (2) and (3), 

105

101
5 XX

Xmm
�

�
�

� ,                     (4) 

and     

105

51
10 XX

Xmm
�

�
�

� .                         (5) 

� Condenser   

)hh(mQ 21refC �� � ,                   (6)      

4321ref mmmmm ����� ���� .                  (7)              

� Pump and solution pump 
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P

22
CEP �

mv)PP(W
�

�� ,                 (8)                          

SP

55
CESP �

mv)PP(W
�

�� ,                  (9)                         

32 hh � ,          (10) 

65 hh � .          (11) 

� Evaporator  

)hh(mQ 34refE �� � .                 (12)  

� Absorber   

887744A hmhmhmQ ��� ��� ,                (13)    

748 mmm ��� �� ,                    (14)                 

7788 XmXm �� � .                  (15)          

� Heat exchanger  

)TT()mCp(�)TT(Cpm)TT(CpmQ 68minHX67669888HX ������ �� ,     (16)                

   98 mm �� � ,                        (17)         

76 mm �� � .                   (18)  

� Expansion valve   

109 hh �  (Throttling process).                (19)  

� Coefficient of performance ( COP ) 

SPPGE

A
AHT WWQQ

QCOP
���

� .      (20)  
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1.2 Solar Water Heating System 

 
Figure 1.4 Schematic diagram of a solar water heating system. 

 

 Figure 1.4 shows a schematic diagram for evaluating the normal solar water heating 

system. In this calculation, the heat transfer rate from the solar collector )Q( SC  is calculated 

by: 

� Solar radiation 

For solar time, standard time and longitude used to find, 

 Solar time - Standard time = E)LL(4 LocStd �� , (21)

   when, 

Bsin5.1Bcos53.7)B2sin(87.9E ��� , (22)

365
)1n(360B �

� . (23)

For total daily extraterrestrial radiation on a horizontal surface over a day (Ho),

�	



��

 ���

�
�

�
�
��

�
� �sin�sin

360
��2�sin�cos�cos]

365
n360cos033.01[G

�
360024H s

ssco , (24) 

  when, 

 �	



��

 �

�
365

)n284(360sin45.23� ,  (25) 

 )�tan�tan(cos
�cos�cos
�sin�sincos� 11

s ���
	



�
�



� �� . (26)
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For daily diffuse solar radiation (Hd),  
4

o

3

o

2

ooo

d

H
H4421.46

H
H4546.31

H
H3422.28

H
H5495.266408.4

H
H

��
�

�
��
�

�
���

�

�
��
�

�
���

�

�
��
�

�
���

�

�
��
�

�
��� , (27)

  and total daily solar radiation hour (H), 

  db HHH �� .         (28) 

 
  For Julian date of each month as shown in Table 1.1, 
 

Table 1.1 Julian date of each month 
 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Date of month 17 16 16 15 15 11 17 16 15 15 14 10 

Julian date (n) 17 47 75 105 135 162 198 228 258 288 318 344

  (Duffie and Beckman, 1980) 
 

 For solar radiation hour (I), 

360
�cos��2�sin

)�cos�)(cos�cosba(
24
�

H
I

ss
s

s

�

��
�� , (29)

when, 

)60�sin(aaa o
s21 ��� ,       (30) 

  )60�sin(bbb o
s21 ��� .       (31) 

For the constant of 2121 b,b,a,a  each province as shown in Table 1.2, 
 

Table 1.2 The constant of 2121 b,b,a,a  for some main provinces in Thailand. 
 

Province a1 a2 b1 b2 

Chiang Mai 0.514 0.228 0.512 0.033 

Ubon Ratchathani 0.760 – 0.031 0.207 0.238 

Had Yai 0.307 – 0.124 0.417 0.007 

Bangkok 0.792 – 0.250 0.189 0.471 

       (Naris Pratinthong, 1996) 
 

For diffuse solar radiation hour (Id), 



Final Report 

Use of Absorption Heat Transformer for Upgrading Low Temperature Solar Heat 

Chiang Mai University 
 

7 

360
�cos��2�sin

�cos�cos
24
�

H
I

ss
s

s

d

d

�

�
�� .   (32)

  Where, direct solar radiation hour (Ib), 

db III �� . (33)

For solar radiation hour on the inclined plane (It), 

2
�cos1IRII dbbt

�
�� , (34)

and,

�
�
�

�
�
� �

��
�

��
2
�cos1)II(�

2
�cos1IRII dbgdbbt , (35)

  when, 

z
b 	cos

	cosR � , (36)

�sin
sin�sin�cos�cos
cos�sin�sin�cos
�cos�cos�cos�cos
cos�sin�cos�sin�cos�sin�sin	cos

��
���

,  (37)

�cos�cos�cos�sin�sin	cos z �� . (38)

� Solar collector 

)TT(CpmQ i,SCo,SCSCSCSC �� � ,          (39) 

)TT(AUFAI)��(FQ ai,SCSCLRSCtRSC ��� ,    (40)         

For solar collectors in series connection,        

�
	



�
�


 ��
�

NK
)K1(1)��(F))��(F(

N

RSeriesR ,     (41)    

�
	



�
�


 ��
�

NK
)K1(1UF)UF(

N

LRSeriesLR ,      (42)     

Where, 

SCSC

unitSingleLRSC

Cpm
)UF(A

K
�

� .        (43) 

  

� Supplied heat of useful hot water at storage tank 

)TT(CpmQ i,Supo,SupbulkSupSup �� � .        (44) 
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� Heat loss at storage tank 

)TT(UAQ as1TankLoss �� .         (45) 

� Storage tank 

)
dt
dT(CpMQ STSTST � .            (46) 

Using numerical method, the water temperature could be calculated from, 

STST

STt
ST

t
t
ST CpM

t
QTT ��� ,       (47)    

With an auxiliary heater, the temperature becomes, 

STST

SuplossAuxSCt
ST

t
t
ST CpM

t
)QQQQ(
TT

���
��� .    (48) 

The auxiliary heat is on when the temperature is less than a set point. 

 Figure 1.4 shows a schematic diagram of the AHT when it is coupled with a solar 

water heating system and the whole unit is called Solar-Absorption Heat Transformer (Solar-

AHT) which is considered in this study. The solar heat from the solar water heating system is 

supplied to the AHT generator and the AHT evaporator. The solar heat is upgraded to a high 

temperature and released at the AHT absorber. 
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1.3 Literature Review 

Absorption heat transformer (AHT) is one method for upgrading low temperature heat 

to a higher temperature level. In a conventional AHT, low temperature heat is absorbed at the 

AHT generator and the AHT evaporator and the heat is delivered at the AHT absorber at a 

higher temperature, while the AHT condenser rejects heat at a lower temperature. Theoretical 

and experimental studies of the AHT have been reported by various literatures. Florides  et al. 

[1] modeled and simulated an absorption solar cooling system in Cyprus which used 3 types of 

solar collectors, flat plate solar collectors, compound parabolic collectors (CPC) and 

evacuated tube collectors for comparison by the TRNSYS simulation program. It could be 

seen that the compound parabolic collector was appropriate for solar absorption cooling in a 

house during the whole year. The final optimized system consisted of a 15 2m  compound 

parabolic collector tilted 30 �  from the horizontal plane and a 600 L  hot water storage tank.   

Rivera et al. [2] presented a single-stage and advanced AHT operating with water-LiBr and 

water-CarrolTM mixtures to increase the temperature of the useful heat produced by solar 

ponds. The results showed that the single-stage and the double AHT increased solar pond’s 

temperature until 50 C�  at COP about 0.48 and 100 C�  at COP about 0.33, respectively. 

Xuehu et al. [3] reported the test results of the first industrial-scale water-LiBr AHT in China 

to recover waste heat released from an organic vapor at 98 C�  in a synthetic rubber plant. The 

recovered heat was used to heat hot water from 95 C�  to 110 C� . The AHT system was 

operating with a heat rate of 5,000 kW with a mean COP of 0.47. The payback was 

approximately 2 years. Sotsil Silva Sotelo et al. [4] presented an AHT cycle operating with 

water-CarrolTM mixture which had a higher solubility than aqueous Lithium Bromide mixture. 

It could be found that the coefficient of performance was higher and less crystallization risk 

was obtained compared with the water-Lithium Bromide solution. 

In this study, thermal performance of a single-stage H2O-LiBr AHT coupling with a 

set of flat-plate solar collectors (Solar-AHT) has is experimentally and theoretically studied. A 

model is developed to predict performance of the solar-AHT at various operating conditions. 

Moreover, a case study to evaluate a possibility of this technique to generate high hot water 

temperature instead of a boiler is carried out. 
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1.4 Research Methodology

The study is separated into 3 parts: 

The first part 

 The first one is to set up an experimental test of a H2O-LiBr AHT of which the heat 

capacity is not over 10 kWth . A set of flat-plate solar collectors is not over 20 2m with an 

auxiliary heater is used to produce hot water at various temperature from 60-80 C� which is 

supplied at the AHT generator and the AHT evaporator. The COP of the cycle, the heat rates 

at the generator, the evaporator and the absorber and the consumed electrical power at various 

input hot water temperatures are recorded.  

The second part 

 The second part is to develop a simplified model from the experimental results in the 

first part for predicting performance of the AHT and the solar collectors at various operating 

conditions. 

The final part 

            In this phase, the models are also used to evaluate the possibility of the solar-

AHT to replace or partial support the boiler for high temperature hot water generation.  A case 

study of a hospital is undertaken. The economic analysis of the solar-AHT for generating high 

temperature hot water is considered compared with that of the boiler. 

 

1.5 Objectives of the Study 

           The objectives of the study are: 

1. To develop a simplified model of a H2O-LiBr AHT for upgrading low temperature 

solar heat from flat-plate solar collector. 

2. To evaluate the possibility of the solar-AHT to replace or partial support the boiler 

for high temperature hot water generation in a hotel or a hospital.    

1.4 Benefits from the Research Study 

           The benefits from the study are: 

1. There is a demonstration of an AHT unit which can be used for upgrading low 

temperature solar heat. The unit could be tested as a testing facility for other 

research activities or public training. 
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2. There is a simplified model that can be used to predict the AHT performance for 

upgrading low temperature heat such as solar heat and industrial waste heat for 

high temperature applications.   
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CHAPTER  2

Evaluation of Solar-AHT Thermal Performance 

 

In this chapter, a method to evaluate thermal performances of any H2O-LiBr solar-

AHT similar to that given in Figure 1.4 is presented.  The developed model is divided into 2 

sections. The first one is for the solar water heating system and the other one is for the solar-

AHT. 

For the solar water heating system (SWHS), its equations as shown in chapter 1 are 

used to simulate heating performance with various numbers of solar collector units and tank 

capacities. The calculation steps of the solar water heating system are shown in Figure 2.1. 

For the solar-AHT system, its equations in chapter 1 and properties of H2O-LiBr 

solutions as shown in appendix are taken for evaluating the system performance when the 

temperatures of hot water entering the generator and the evaporator, the mass flow rate, the 

temperature of cooling water entering the condenser and the solar radiation are prescribed. 

The suitable operating condition is selected at the solar radiation and the ambient temperature 

of Chiang Mai, Thailand. The calculation steps of the AHT system are shown in Figure 2.2.  
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Figure 2.1  Flow chart of the simulation program for evaluating the solar water heating system. 
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Figure 2.2  Flow chart of the simulation program for evaluating the AHT performance. 
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2.1 Operating Conditions of the Solar-AHT 

 All calculations of the solar-AHT are based on the system presented in Figure 1.4. The 

H2O-LiBr solution is the working pair of the AHT. The working conditions for the evaluation 

are: 

Solar water heating system 

1. The solar radiation )I( T  used for the simulation is the mean solar radiation level of 

Chiang Mai, Thailand, as shown in appendix [5].  

2. The ambient temperature )T( a  used for the simulation is the mean temperature of 

Chiang Mai, Thailand, as shown in appendix [6].  

3. Supplied water flow rate )m( SC�  to each solar collector is 0.043 s/L . 

4. Supplied heat of the AHT is hot water temperature )T( S5  from the flat-plate solar 

collector water heating system. 

5. Useful water temperature leaving solar water heating system )T( t
t
ST
�  equal heat source 

temperature entering the AHT )T( S5 .  

6. Assumptions )��(FR  and )U(F LR  of solar collector of 2.3 m2/unit are constants which 

are 0.802 and 10.37 Km/W 2 � , respectively [7]. 

7. Assumptions volume capacity and STUA  of storage tank are 3,000 L and 3 C/W � . 

The AHT system 

1. Useful heat leaving the absorber is about 10 kW . 

2. Minimum concentration of weak H2O-LiBr solution )X( min  is 45 LiBr% (by mass). 

3. Maximum flow ratio )FR(  for starting is around 20 LiBr% (by mass). 

4. No pressure drops at the condenser, the generator, the evaporator, the absorber and the 

heat exchanger. 

5. Isentropic efficiency of water pump )�( P and solution pump )�( SP  is 85%. 

6. Effectiveness of the heat exchanger )�( HX  is 85%. 

7. Temperature difference between the outlet supplied hot water and the generator is 5 

C� . 

8. Temperature difference between the outlet useful water and the absorber is 5 C� . 

9. Temperature difference between the outlet cooling water and the condenser is 5 C� . 
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10. Temperature difference between the outlet supplied hot water and the evaporator is 5 

C� . 

11. The properties of H2O-LiBr solution are shown in appendix. 

2.2 Thermal Performance of the Solar-AHT  

In this section, the performance of a solar-AHT with flat-plate solar collectors for 

generating hot water is considered. In our calculation, )��(FR and LR UF of each flat-plate solar 

collector are 0.802 and 10.37 Km/W 2 � , respectively [7].  

Figure 2.3 shows the temperature of each component and the maximum percentage of 

LiBr concentration of the AHT with various values of supplied hot water temperature. It could 

be seen that the AHT could operate when the supplied hot water temperature is over  about 75 

C�  and the minimum percentage of LiBr concentration )X( min  at 45 %. It could be noted that 

the absorber temperature ( AT ), the generator temperature ( GT ), the evaporator temperature 

( ET ) and the maximum concentration ( maxX ) increase with the supplied hot water temperature 

while the condenser temperature ( CT ) is nearly constant.  
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Figure 2.3 The temperature of each component and the maximum percentage of LiBr 

concentration of the AHT at various values of supplied hot water temperature. 
 

 Figure 2.4 shows the results of the system performance with the solar radiation 

)I( T and the ambient temperature )T( a  of Chiang Mai, Thailand in April. The solar water 

heating system has 50 units of flat-plate solar collector units and a 3,000 liter hot water tank to 
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generate heat about 20 kW to the AHT. It could be seen that the system could operate around 

3.5 hours during 11 a. m. – 15.00 p.m. when the supplied hot water temperature is over 75 C� . 
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Figure 2.4 Thermal performance of the Solar-AHT in April. 
 

  Figure 2.5 shows the performance of the system similar to the previous case but there 

is an auxiliary heater in the storage tank operating when the temperature is less than 75 C� .   

It could be seen that the solar-AHT system operating in April could operate continuously 

between 10.00 a.m. to 18.00 p.m. and the overall COP shown in Figure 2.6 is nearly constant 

around 0.5.  
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Figure 2.5 The generator and the absorber temperatures during a day in April when there is an 

auxiliary heater in the storage tank. 
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Figure 2.6 The COP of the Solar/AHT during a day in April when there is an auxiliary heater 

in the storage tank. 
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CHAPTER  3

Design and Construction of a Solar-AHT 

In this chapter, design and construction of a Solar-Absorption Heat Transformer 

(Solar-AHT) for upgrading solar heat is presented. The constructed unit will be undertaken as 

an experimental one for verifying the validation of the model developed in the previous 

chapter.  

Similar to the system described in Figure 1.4, the specifications of all component  

of the constructed Solar-AHT are given in Table 3.1. 
 

Table 3.1 Descriptions of all components in the constructed Solar-AHT. 

Devices Type Material Properties

1. Solar collector Flat-plate 

solar 

collector 

 

Copper and 

 Aluminium 

� Area 2.3 unit/m2  

� 10 units 

� )��(FR = 0.802 

� LR UF  = 10.37 Km/W 2 �  

2. Generator  Flooded shell 

and tube heat 

exchanger  

Iron and 

copper 

� Capacity  10.3 kW  

� Weak solution 50 LiBr%  

� Strong solution 55 LiBr%  

� Generator temperature 85 C�  

� Tube diameter 4/8 in  

� Number of Tube passes 4  

� Length 1.24 m  

� Area 1.02 2m  

3. Condenser  Shell and 

tube heat 

exchanger 

 

Iron and 

copper 

� Capacity  10.6 kW  

� Condenser temperature 55 C�  

� Tube diameter 4/8 in  

� Number of Tube passes 2  

� Length 1.01 m  

� Area 0.42 2m  

4. Absorber  Flooded shell Iron and � Capacity  10 kW  
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Devices Type Material Properties

and tube heat 

exchanger  

copper � Weak solution 50 LiBr%  

� Strong solution 55 LiBr%  

� Absorber temperature 115 C�  

� Tube diameter 3/4 in  

� Number of Tube passes 6  

� Length 1.1 m  

� Area 1.44 2m  

5. Evaporator  Shell and 

tube heat 

exchanger 

 

Iron and 

copper 

� Capacity  10.8 kW  

� Evaporator temperature 85 C�  

� Tube diameter 4/8 in  

� Number of Tube passes 9  

� Length 0.94 m  

� Area 1.16 2m  

6. Pressure relief 

device 

Orifice type Bronzed � Capacity 10 kW  

� Pressure ratio 6.00 

7. Lithium 

bromide 

- Lithium 

bromide-

water solution

� Main content 50-55% 

� Light yellow transparent liquid 

� Chloride = 0.05% max 

� Sulphate = 0.05% max 

� Bromate = Non reaction 

� Ca = 0.0001% max 

� Mg = 0.0001% max 

� Na = 0.03% max 

� PH = 9.0-10.5  

� Lithium chromate = 0.2-0.3% 

8. Solution pump Inline pump Stainless steel 

and ceramic 
� Flow rate 0.6-3.7 h/m3  

� Maximum head 6 m  

� Maximum temperature 110 C�  

� Maximum pressure 10 bar  

� Capacity 78 W  
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Devices Type Material Properties

� Current 0.34 A  

� Voltage 230 V  

9. Hot water tank Vertical tank Stainless steel 

and insulator 
� Capacity 1,500 liter  

� Thickness of insulator 1 in  

 

 Figure 3.1 shows a set of flat-plate solar collectors having 10 units of solar collectors 

(1 unit = 2.3 2m ) each is allocated in parallel connection.  When the hot water temperature 

leaving the solar hot water system (SWHS) is lower than the minimum temperature for boiling 

the H2O-LiBr solutions in the absorption system (around 75oC), two auxiliary heaters, an 

electrical heater and a LPG burner are assisted as shown in Figure 3.2 and Figure 3.3, 

respectively. 

 

 
 

Figure 3.1 A set of flat-plate solar collectors. 
 

Flat-plate solar 
collectors 



Final Report 

Use of Absorption Heat Transformer for Upgrading Low Temperature Solar Heat 

Chiang Mai University 
 

23 

 
 

Figure 3.2 Electrical auxiliary heater and hot water pump. 
 

    
       

  a) Hot water tank at 1,500 liter  of capacity                            b) LPG burner 

Figure 3.3 LPG burner and hot water tank. 
 

Electrical heater 

Hot water pump 

Hot water tank 
 LPG burner 
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 Figure 3.4 shows the positions and the features of the AHT main components. The 

generator and the condenser are installed in one shell including the absorber and the 

evaporator. The last two main components are allocated at the lower part of the machine.  
 

 
 

Figure 3.4 Side view of the absorption heat transformer. 
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Figure 3.5 Front view of the absorption heat transformer. 
 

 Figure 3.5 and Figure 3.6 show the auxiliary components such as cooling tower, 

temperature controller and others. Solution pumps are used for circulating and spraying LiBr-

H2O solutions at the absorber and the generator. The level switch is used to control the 

solution levels in the main components.  

Cooling tower 

Expansion tank Temperature 
controller 

Service valve 

Hot water entering 
generator 

Hot water entering 
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Figure 3.6 Right side view of the absorption heat transformer. 
 

 The constructed unit will be operated to verify the models developed in the previous 

chapter. Moreover, it could be set up as a demonstration unit that is used to upgrade low solar 

temperature heat.  
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CHAPTER  4

Experimental Procedures 

 

The constructed absorption heat transformer system will be tested its thermal 

performances firstly with an electrical heater. For the second case, the AHT will be used to 

upgrade heat from the installed flat-plate solar collectors. The details of the positions of the 

measuring sensors and the testing procedures are given as follows: 

4.1 Absorption Heat Transformer 

 173Figure 4.1 shows the measuring positions of the sensors for the absorption heat 

transformer with supplied heat from an electrical heater. The objective of this experiment is to 

find out the thermal performances of the heat transformer system. The details of the 

instruments and the testing procedure are shown in Table 4.1-Table 4.4.  
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Figure 4.1  Measuring positions of the absorption heat transformer in the experiment. 
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Table 4.1 Descriptions of the temperature records. 

 Remark *  Positions shown in Figure 4.1. 

 

Table 4.2 Descriptions of the pressure records. 

Pressure )cmHg(  Position* Frequency  Instrument 

1. Refrigerant entering condenser 

2. Refrigerant leaving evaporator 

Number 1 

Number 2 

Record 

continuously 

every 5 min 

for 1 h.  

Pressure gage 

          Remark *  Positions shown in Figure 4.1. 

 

 

 

 

Temperature )C(�
 Position* Frequency  Instrument 

1. Hot water entering generator 

2. Hot water leaving generator 

3. Hot water entering evaporator 

4. Hot water leaving evaporator 

5. Cooling water entering condenser 

6. Cooling water leaving condenser 

7. Useful water entering absorber 

8. Useful water leaving absorber  

9. Useful water in storage tank 

10. Useful water entering storage tank 

11. Useful water leaving storage tank 

12. Refrigerant leaving condenser 

13. Refrigerant entering evaporator  

14. Weak solution leaving absorber  

15. Weak solution entering generator  

16. Strong solution leaving generator  

17. Strong solution entering absorber 

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 

Number 6 

Number 7 

Number 8 

Number 9 

Number 10 

Number 11 

Number 12 

Number 13 

Number 14 

Number 15 

Number 16 

Number 17 

Record 

continuously 

every 5 min 

for 4 h. 

1. Computer 

2. Data logger 

3. Thermo couple 
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Table 4.3 Descriptions of water flow rate records. 

Flow rate )s/liter(  Position * Frequency  Instrument 

1. Water leaving generator 

2. Water leaving evaporator 

3. Water leaving condenser 

4. Water leaving absorber 

5. Water leaving storage water tank 

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 

Record 

continuously 

every day.   

 

Beaker/Flow 

meter 

 

        Remark *  Positions shown in Figure 4.1. 

 

Table 4.4 Descriptions of the electric power records. 

Parameters  Position Frequency  Instrument 

1.    Current )A(  

2.    Voltage )V(  

3.    Power )W(  

Power 

supply of the 

AHT system 

Record 

continuously 

every 5 min 

for 1 h.   

Power meter 

4.2 Solar-Absorption Heat Transformer 

Figure 4.2 shows the measuring positions of the instruments for the Solar-AHT. The 

details of the instruments and the testing procedures are shown in Table 4.5-Table 4.8. 

 

 

 



Fi
na

l R
ep

or
t 

U
se

 o
f A

bs
or

pt
io

n 
H

ea
t T

ra
ns

fo
rm

er
 fo

r U
pg

ra
di

ng
 L

ow
 T

em
pe

ra
tu

re
 S

ol
ar

 H
ea

t 

C
hi

an
g 

M
ai

 U
ni

ve
rs

ity
 

 
31

)
P,

T,
Q(

E
E

E

)
T,

Q(
A

A

)
C

(�

)s/
lit

er
(

)
cm

H
g

(

)
P,

T,
Q(

C
C

C

)
m/

W(
2

)
T,

Q(
G

G

)
I(

T

 

Fi
gu

re
 4

.2
  M

ea
su

rin
g 

po
si

tio
ns

 o
f a

 S
ol

ar
-A

bs
or

pt
io

n 
H

ea
t T

ra
ns

fo
rm

er
 (S

ol
ar

-A
H

T)
 in

 th
e 

ex
pe

rim
en

t.



Final Report 

Use of Absorption Heat Transformer for Upgrading Low Temperature Solar Heat 

Chiang Mai University 
 

32 

Table 4.5 Descriptions of the temperature records. 

 Remark *  Positions shown in Figure 4.2 

 

Table 4.6 Descriptions of the pressure records. 

Pressure )cmHg(  Position* Frequency Instrument

1. Refrigerant entering condenser 

2. Refrigerant leaving evaporator 

Number 1 

Number 2 

Record 

continuously 

every 5 min 

for 1 h.  

Pressure gage 

 

          Remark *  Locations shown in Figure 4.2 

 

Temperature )C(�
 Position* Frequency  Instrument 

1. Hot water entering generator 

2. Hot water leaving generator 

3. Hot water entering evaporator 

4. Hot water leaving evaporator 

5. Cooling water entering condenser 

6. Cooling water leaving condenser 

7. Useful water entering absorber 

8. Useful water leaving absorber  

9. Useful water in storage tank 

10. Useful water entering storage tank 

11. Useful water leaving storage tank 

12. Refrigerant leaving condenser 

13. Refrigerant entering evaporator  

14. Weak solution leaving absorber  

15. Weak solution entering generator  

16. Strong solution leaving generator  

17. Strong solution entering absorber 

18. Hot water entering solar collectors 

19. Hot water leaving solar collectors 

20. Hot water leaving hot water tank  

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 

Number 6 

Number 7 

Number 8 

Number 9 

Number 10 

Number 11 

Number 12 

Number 13 

Number 14 

Number 15 

Number 16 

Number 17 

Number 18 

Number 19 

Number 20 

Record 

continuously 

every 5 min 

for 4 h. 

1. Computer 

2. Data logger 

3. Thermo couple 
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Table 4.7 Descriptions of water flow rate records. 

Flow rate )s/liter(  Position * Frequency  Instrument

1. Water leaving generator 

2. Water leaving evaporator  

3. Water leaving condenser  

4. Water leaving absorber  

5. Water leaving storage tank  

6. Water leaving solar collector 

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 

Number 6 

Record 

continuously 

every day.   

 

Beaker/Flow 

meter 

 

        Remark *  Positions shown in Figure 4.2 

 

Table 4.8 Descriptions of the electric power records. 

Parameters  Position Frequency Instrument

1.    Current )A(  

2.    Voltage )V(  

3.    Power )W(  

Power 

supply of the 

AHT system 

Record 

continuously 

every 5 min 

for 1 h.   

Power meter 
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CHAPTER  5

Experimental Results, System Modeling and Simulation 

In this chapter, experiment testing results of the absorption heat transformer with supplied 

heat from an auxiliary heater and a set of flat-plate solar collectors are presented. The results are 

used to develop simplified models of the AHT system. 

5.1 Output Temperature of the AHT 

185Figure 5.1 shows the temperature profile of the AHT with time of day by supplied heat form 

auxiliary heater of about 20 kW of which around 10 kW to the generator (TG) and the rest to the 

evaporator (TE). It could be found that TG and TE are around 75 �C while there is cooling water 

releases heat at the condenser at a lower temperature (TC) around 40 �C. The output heat form the 

absorption system is delivered at the absorber at a higher temperature (TA) around 100 �C.  

From the experiment results, it could be seen that the maximum temperature of the prototype 

machine is around 105 �C. 
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Figure 5.1 The temperature profiles of the AHT system. 

 

  Figure 5.2 shows the electric power consumption of the AHT which comes from pumps and 

control system. It could be seen that the average electric power consumption is nearly constant 

around 2.11 kWe.      
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Figure 5.2 The electric power of the AHT system. 

5.2 Performance Curve of the AHT

For the solar water heating system coupled with an AHT or Solar-AHT, the solar heat is 

obtained from 10 units of flat-plate solar collector each in parallel connection for generating hot 

water and using an auxiliary heater when water temperature in the tank is lower than the set 

temperature at 70 �C. Use and non-use hot water conditions are considered to see the influence of the 

hot water temperature in the storage tank on the coefficient of performance (COPAHT) of the AHT. 

Figures 5.2 and 5.3 show COPAHT and energy efficiency ratio (EERAHT) with TA,i - TE / TG,i - TC. The 

hot water storage capacity is 200 liter. 

In both cases, use and non-use of hot water, when the value of TA,i - TE / TG,i - TC increases 

the COPAHT and EERAHT decrease. For the hot water use condition, the COPAHT and EERAHT are 

higher than that of the other case since the hot water temperature in the storage tank seems to be 

lower thus the AHT performance is better. The empirical correlations of the COPAHT with TA,i - TE / 

TG,i - TC for both cases could be: 

 For used hot water condition:    

COPAHT = - 1.0444(TA,i - TE)/(TG,i - TC) + 0.7619.                       (5.1a) 

 For non-used hot water condition:  

COPAHT = - 0.9599(TA,i - TE)/(TG,i - TC) + 0.5845.                              (5.1b) 
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Figure 5.3 Effect of TA,i - TE / TG,i - TC on COPAHT of the AHT. 

 The empirical correlations of the EERAHT (
elec

A

W
Q� , kWth/kwe) with TA,i - TE / TG,i - TC for both 

cases could be: 

For used hot water condition:    

EERAHT = - 10.463(TA,i - TE)/(TG,i - TC) + 7.5228.                        (5.2a) 

 For non-used hot water condition:  

EERAHT = - 9.4407(TA,i - TE)/(TG,i - TC) + 5.6852.                              (5.2b) 
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Figure 5.4 Effect of TA,i - TE / TG,i - TC on EERAHT of the AHT. 

 

 Figure 5.5 shows the temperature profile of the absorption machine. It could be seen that the 

boosted temperature of the AHT in term of gross temperature lift (GTL) which is the different 
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temperature at the absorber and the evaporator (TA - TE) could be increased around 20 �C while TA is 

nearly constant at around 90 �C when the supplied heat temperatures at the generator (TG) and the 

evaporator temperature are around 70 �C while the condensing temperature (TC) is around 38 �C.   

The heating capacities of all main components are shown in Figure 5.6. 

Used hot water in storage tank at flow rate 0.0157 l/s and TST around 90 'C
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Figure 5.5 Temperature profile of the AHT with used hot water condition. 
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Figure 5.6 Heating capacities of the main components of the AHT with used hot water condition. 

 

Figure 5.7 shows the strong (Xmax) and weak (Xmin) concentrations of H2O-LiBr solutions 

and the overall COP including the electric power consumption of the AHT. It could be seen that the 

thermal COP of the prototype is around 0.44 at 0.53 and 0.45 of Xmax and Xmin, respectively and 

when the total electric power consumption of the all pumps and control system is considered then the 

overall COP is around 0.41. 
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Figure 5.7 Comparison performance curve of heat pump with use and non-use of hot water. 

5.3 The Solar-AHT System

      5.3.1 System Simulation of the Solar-AHT 

The solar-AHT system given in Figure 1.4, when hot water is non-used and used, is 

considered in this part. With the models of the solar hot water system and the AHT as described 

before and with the information data of the solar radiation and the ambient air temperature then the 

system performance could be evaluated. With the load profile of hot water consumption and the size 

of water storage, the upgraded hot water temperature and the heat rate could be predicted. The 

maximum temperature of the hot water is limited at 105 �C. The steps for the calculation are given in 

Figure 5.8 and Figure 5.9.  
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Figure 5.8  Flow chart of the solar water heating system for calculating the supplied heat to the AHT. 
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Figure 5.9  Flow chart of the absorption system with used and non-used hot water conditions. 

5.4 Simulation Results 

 Figure 5.10 shows the simulated results of the EERsolar-AHT during an operation when there is 

no use of generated hot water. This Figure also shows the hot water temperature in the storage tank 

200 liter. It could be seen that the simulated results agree well with the measured data. Increasing hot 

water temperature results in decreasing EERsolar-AHT due to a high pressure at the absorber which 

increases different pressure between high side and low side pressure and reduces the strong solution 

entering to absorber including affects to the absorption process. 
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Figure 5.10  Comparison of the measured data and the simulation results of hot water temperature 

from the solar-AHT (the hot water is not used, 6/10/53). 
 

 Figure 5.11 also shows the EERsolar-AHT when the generated hot water is used at a flow rate of 

0.024 l/s. It could be noted that for used hot water condition the absorption unit could generate 

higher heat rate then the EERsolar-AHT is higher than that of the non-used case. This Figure also shows  

the hot water temperature in the storage tank which was nearly constant at 90 C� and the EERsolar-AHT 

is also nearly constant at around 4.1. The simulated results agreed well with the measured data.   
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Figure 5.11  The measured data and the simulation results comparison of hot water temperature from 

the solar-AHT at flow rate 0.024 l/s (the hot water is used, 3/11/53). 
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 It could be seen that the simplified models could be used to simulate the performances of the 

solar absorption system that is used to boost up a low temperature heat to a higher temperature heat. 

Possibility study in using this concept for generating hot water to replace boiler in a hospital or a 

hotel then is carried out. The details are explained in the next Section.
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CHAPTER  6

Case Study

In hotel or hospital, boiler is normally used to generate heat in a form of hot water of which 

its temperature does not exceed 90oC thus the solar-AHT could be used to replace or partial support 

the boiler for this application. Therefore, not just only the fossil fuel could be saved even the green 

house gas emission due to the fuel combustion could be reduced. 

In this chapter, a solar-AHT is used to partially support a boiler for generating hot water at 

around 85 �C in a hospital. The energy saving and the economic analysis for the solar-AHT are 

considered when compared with the steam boiler.  

6.1 Hot Water Generating for a Hospital 

A hospital in Chiang Mai is selected for the simulation. A boiler using diesel and heavy oil at 

around 326 l/d and 2,523 l/d, respectively is taken to generate steam at about 150 �C.  The conditions 

for the simulation are: 
 

� Operating period 15 h/d.  

� Profile of hot water consumption as in Error! Reference source not found.  

� Initial temperature of hot water )T( S,HW  in a storage tank is at 30 �C and the maximum 

temperature is at 85 �C. 

� The rate of hot water consumption is around 35,000 l/d. 

� Fill-in water temperature )T( i,Sup  is at 27 �C. 

Table 6.1 Profile of hot water consumption for laundry in a hospital. 
 

Date Diesel (liter) Heavy oil (liter) Fraction 

1 300 2,500 12.00% 
2 300 2,300 13.04% 
3 300 2,000 15.00% 
4 100 2,400 4.17% 
5 300 2,200 13.64% 
6 300 3,200 9.38% 
7 400 3,000 13.33% 
8 500 2,200 22.73% 
9 500 2,200 22.73% 

10 200 2,600 7.69% 
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Date Diesel (liter) Heavy oil (liter) Fraction 

11 300 2,600 11.54% 
12 300 2,400 12.50% 
13 400 3,200 12.50% 
14 200 1,600 12.50% 
15 300 3,000 10.00% 
16 300 3,000 10.00% 
17 300 2,400 12.50% 
18 200 2,200 9.09% 
19 700 2,400 29.17% 
20 200 2,600 7.69% 
21 400 2,800 14.29% 
22 500 2,500 20.00% 
23 300 2,500 12.00% 
24 300 2,400 12.50% 
25 200 2,400 8.33% 
26 200 2,800 7.14% 
27 300 3,000 10.00% 
28 400 2,600 15.38% 
29 400 2,400 16.67% 
30 200 2,000 10.00% 

31 500 2,800 17.86% 
13.08% 

Average (l/d) 326 2,523 
2,848 

Total (l/m) 10,100 78,200 88,300 
 

  

 From the simulation, it is noted that with the rate of 85 �C hot water consumption at 35,000 

l/d if only a solar-AHT is used as a heat generator, over 15 sets of solar-AHT as described in the 

previous chapter to boost up the water temperature is needed. Each set has 20 solar collectors having 

solar collector area of 40 m2 thus the total solar collector area for this purpose is 600 m2 at least 

which is rather high.  

 In this case study, a solar-AHT is conducted to work with the boiler as described above to 

reduce the fossil fuel. Figure 6.1 shows the schematic sketch of the solar-AHT working with the 

boiler to generate steam. The solar-AHT is devoted to generate 5 m3/d of 85 �C hot water while the 

boiler supplies 30 m3/d of 85 �C hot water. 
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a) Steam generation by boiler at 35 m3/d. 
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b) Steam and hot water generation by boiler and the solar-AHT at 30 and 5 m3/d, respectively. 

Figure 6.1 The schematic sketch of the solar-AHT and the hospital boiler to generate steam/hot water 

in the studied hospital. 
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6.2 Economic Analysis 

  From the simulation result, 2 sets of 10 kWth (max) AHT are used to generate hot water of 

5,000 liter/d at around 85 �C. The payback periods for boiler only and boiler with solar-AHT could 

be calculated as follows:  

Boiler     

Feed water temperature     60  �C 

Efficiency of boiler      80  % 

Operate at pressure gauge     5  kg/cm2 

Operate at absolute pressure     6  kg/cm2 

Saturated temperature      431.98  K 

        158.83 �C 

Feed water     

Volume      137  m3 

EC       2,150  ms/cm 

Fuel        9,390  liter 

Blow down     

EC       11,860  ms/cm 

C.O.C (N)      5.52  

% Blow down      18.13  % 

Feed water : Blow down  1,000 liter :  
100

31,000x18.1  l/m3 

181.28  l/m3 

Feed water : Steam   1,000 liter :  
100

71,000x81.8   l/m3 

818.72  l/m3 

Enthalpy of saturated water at 158.83 �C and 6 kg/cm2 670.38  kJ/kg 

Enthalpy of saturated steam at 158.83 �C and 6 kg/cm2 2,756.14 kJ/kg 

Enthalpy of feed water at 60 �C    251.18  kJ/kg 

Gross heat of combustion of heavy oil   39,774.60 kJ/liter 

Gross heat of combustion of diesel    44,800.00 kJ/liter 

Fraction of diesel to heavy oil (Table 6.1)   13.08  % 

Total heat   181.28x670.38 + 818.72x2,756.14 – 1,000x251.18 kJ/ton  
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2,126,851.54 kJ/ton 

        507,989.76 kcal/ton 

Total heat require        
80

54x1002,126,851.  kJ/ton 

2,658,564.43 kJ/ton 

Fuel rate of diesel     
10044,800.00x

43x13.082,658,564.   liter/ton of steam 

7.76  liter/ton of steam 

                 
13.08/100)-(1

7.76   liter/ton of FW 

9.48  liter/ton of FW 

Fuel rate of heavy oil    
10039,774.60x

43x86.922,658,564.   liter/ton of FW 

58.10  liter/ton of steam 

                
13.08/100)-(1
58.10   liter/ton of FW 

70.96  liter/ton of FW 

Total fuel rate       7.76 + 58.10   liter/ton of steam 

65.86  liter/ton of steam 

 9.48 + 70.96   liter/ton of FW 
        80.44  liter/ton of FW 

Average fuel rate data from hospital    2,848  liter/d 

Total feed water per day     
80.44

848,2    ton of FW/d 

35.40  ton of FW/d 

Total blow down per day    
100

335.40x18.1   ton of BD/d 

6.42  ton of BD/d 

Cost of the heavy oil      8  Baht/liter 

Total cost of heavy oil    )
100

13.08 - 2,848x8x(1  Baht/d 

19,804  Baht/d 

        19,804x365 Baht/y 

7,228,406 Baht/y 
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Cost of diesel       29.99  Baht/liter 

Total cost of diesel     
100

13.089x2,848x29.9  Baht/d 

11,172  Baht/d 

11,172x365 Baht/y 

        4,077,717 Baht/y 

Total cost of fuel oil     11,172 + 19,804 Baht/d  

        30,976  Baht/d 

         30,976 x365 Baht/y 

        11,306,123 Baht/y 

Number of operating hours in a day     15  h 

Electrical power of the controller units   0.935  kWe 

Electrical power of fan      1.4  kWe 

Electrical power of boiler     1.4 + 0.935 kWe 

2.335  kWe 

        2.335x15 kWe 

35.03  kWe 

Number of operation days in a year    365  d/y 

Number units of boiler     1.00  Unit 

Initial cost of boiler (2.5 Ton/h)    1,500,000 Baht 

Period of operation (5:00 – 17:00 o’clock)     

Time 9.00 - 22.00 o’clock    8 h 

Time 22.00 - 9.00 o’clock    4 h 

Total electrical power in a year    

Time 9.00 - 22.00 o’clock             2.335x8x365  kW-h/y 

6,818.20 kW-h/y 

Time 22.00 - 9.00 o’clock             2.335x4x365  kW-h/y  

3,409.10 kW-h/y 

Total        10,227.30 kW-h/y 

Electricity Charges (Time of Use Rate:TOU)      

Time 9.00 - 22.00 o’clock    2.695  Baht/kW-h 

Time 22.00 - 9.00 o’clock    1.1914  Baht/kW-h 

Ft (Update Jan-Apr 2009)    0.9255  Baht/kW-h 
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Peak demand charge per month   132.93  Baht/kW-h 

Electricity charge during 9.00 - 22.00 o’clock       6,818.20x2.695 Baht/y 

        18,375.05 Baht/y 

Electricity charge during 22.00 - 9.00 o’clock     3,409.10x1.1914 Baht/y 

        4,061.60 Baht/y 

Total electricity charge     22,436.65 Baht/y 

Ft (Update Jan-Apr 2009)      10,227.30x0.9255 Baht/y 

9,465.37 Baht/y 

Peak demand charge          2.335x132.93x12 Baht/y 

3,724.70 Baht/y 

Electrical cost      22,436.65 + 9,465.37 + 3,724.70 Baht/y 

35,626.72 Baht/y 

Vat 7%            35,626.72x0.07 Baht/y 

2,493.87 Baht/y 

Total electrical cost                        35,626.72 + 2,493.87 Baht/y 

38,120.59 Baht/y 

Total cost of fuel and electricity       11,306,123 + 38,120.59 Baht/y 

        11,344,243.65 Baht/y 

Use of the solar-AHT combining with boiler     

Average fuel rate data from hospital    2,413  liter/d 

Total feed water per day     
80.44

413,2  ton of FW/d 

30.00 ton of FW/d 

Total blow down per day     
100

330.00x18.1  ton of BD/d 

5.44 ton of BD/d 

Cost of the heavy oil      8  Baht/liter 

Total cost of heavy oil    )
100

13.08 - 2,413x8x(1  Baht/d 

18,065  Baht/d 

         18,065x365 Baht/y 

        6,593,743 Baht/y 

Cost of diesel       29.99  Baht/liter 
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Total cost of diesel     )
100

13.08 - 2,413x8x(1  Baht/d 

4,645  Baht/d 

         4,645x365 Baht/y 

        1,695,247 Baht/y 

Total cost of fuel oil               18,065 + 4,645  Baht/d 

22,710  Baht/d 

         22,710x365 Baht/y 

        8,288,990 Baht/y 

Total electrical cost of the AHT    91,838.93 Baht/y 

Total cost of fuel and electricity            8,288,990 + 91,838.93 Baht/y 

8,380,829.14 Baht/y 

Number units of the AHT     2  Units 

Initial cost of the AHT     400,000 Baht/y 

Cost of the solar collector     20,000  Baht/unit 

The number of solar collector unit    40  units 

Initial cost of the solar collectors    800,000 Baht 

Saving cost             11,344,243.65 - 8,380,829.14  Baht/y 

                    2,963,414.51 Baht/y 

Maintenance cost which is 3 % of the Solar-AHT         1,200,000x0.03   Baht/y 

36,000.00 Baht/y 

Annual cost saving       2,963,414.51 - 36,000.00 Baht/y 

                      2,927,414.51 Baht/y 

Pay back period          
600,00400,000

512,927,414.
�

 y 

0.41  y 

        4.92  m 
 

 From the economic analyses, it could be seen that the concept of using absorption unit to 

boost up high temperature water when high amount of hot water is needed. The payback period 

compared with using only boiler is less than 0.5 year.  
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CHAPTER  7

Conclusion

In this study, a concept of using absorption heat transformer (AHT) to boost up high heat 

temperature is presented. LiBr-Water solution has been selected as the working fluid for the AHT. 

An experimental setup was constructed to find out the performance of the AHT. One unit of 10 kWth 

(max) absorption heat transformer is used to upgrade heat from a set of flat-plate solar collector unit 

including auxiliary heater when solar heat is low. It could be seen that the AHT give better EERAHT 

when the upgraded water in storage tank is used because of the better extracted heat at the absorber. 

A set of simplified models and the steps of calculation for simulating performances of the AHT and 

the solar water heating system have been developed and the simulated results agree quite well with 

the measured data.  

The models are also used to evaluate the possibility of this technique and it could be found 

that the solar-AHT could be used to replace or partial support the boiler for high temperature hot 

water generation.  A case study of a hospital is undertaken. It is found that there is a high potential to 

use the AHT to generate hot water at around 85 �C. Two sets of 10 kWth AHT are running in parallel 

with a boiler to generate hot water of about 5 m3/d and it could be found that the combined system 

could save fuel cost of which the payback is 5 month compared with the boiler only. 
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NOMENCLATURE 

Nomenclature 

A   Area, )m( 2  

Cp   Heat capacity, )Kkg/kJ( �  

COP   Coefficient of performance, (-) 

DT  Differential temperature, )C(�  

E  Equation of time, (-) 

ER  Energy ratio, (kWth/kWe) 

Gsc  Solar constant, (W/m2) 

h   Enthalpy, )kg/kJ(   

H  Total daily solar radiation, (MJ/m2-day) 

Ho  Total extraterrestrial radiation on a horizontal surface over a day, (MJ/m2-day) 

Hd  Daily diffuse solar radiation, (MJ/m2-day) 

L  Longitude, (�) 

LMTD  Log mean temperature difference, (-) 

I  Total solar radiation, )m/W( 2  

Ib  Direct solar radiation, )m/W( 2  

It  Solar radiation on the inclined plane, )m/W( 2  

Id  Diffuse solar radiation, )m/W( 2  

m   Mass flow rate, )s/kg(  

M  Mass capacity, (liter) 

n  Julian date, (days) 

N  Number, (Units) 

P   Pressure, )bar(  

Q   Heat rate, )kW(  

R   Refrigerant, (-) 

s   Entropy, )Kkg/kJ( �  

SC   Subcooling, )C(�   

SH   Superheating, )C(�  
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SWHS  Solar water heating system, (-) 

t   Time, )s(  

T   Temperature, )C(�  

U   Overall heat transfer coefficient, )Km/W( 2 �  

v   Specific volume, )kg/m( 3  

W   Work, )kW(  

X        Concentrate, )LiBr(%  

Greek symbol 

�   Efficiency, (%)  

�   Effectiveness, (%)  

�   Density, ( )m/kg 3

� Latitude angle, (�)

� Declination angle, (�)

�  Hour angle, (�)   

�s  Sunset hour angle, (�)

	   Angle of incidence, (�) 

z	   Zenith angle, (�) 

g�   Ground and concrete reflectance 


   Azimuth angle, (�)

Subscript 

A   Absorber 

Aux   Auxiliary heat 

act   Actual 

bulk   Bulk temperature 

C   Condenser 

Comp   Compressor 

CW   Cooling water  

Diff  Different 

e   Super heat 

E   Evaporator 
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Gly  Glycol 

H   High  

HS   Heat source  

HW   Hot water 

HX   Heat exchanger 

i   Inlet 

L   Low  

Loc  Local 

max  Maximum 

min  Minimum 

o   Outlet 

P   Pump 

r   Compression cycle 

ref   Refrigerant 

S   Start 

SC   Solar collector 

SP   Solution pump 

ST   Storage tank 

Std  Standard 

Sup   Supply 

U   Stop using time  

UF   Useful  
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APPENDIX 

A. Temperature Profiles of the AHT Cycle 
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B. Properties of Aqueous Lithium Bromide Solutions 

B.1 Enthalpy-Concentration-Temperature for Aqueous Lithium Bromide Solutions [8] 

For  Concentration x < 40 LiBr%   

Solution temperature range 15 < t < 165 C�  

 

kg/kJ,tX0369249939.0t1025010607.5
X03625001.0t90458186.3X38366711.24817157.21h

24

2

���

����
�

 

 

For  Concentration 40 �  x < 70 LiBr%   

Solution temperature range 15 < t < 165 C�  

   

kg/kJ,XCtXBtXAh 4
0

n
n

24
0

n
n

4
0

n
n ��� ���  

 

A0 = -2024.33   B0 = 18.2829       C0 = -3.7008214 E-2 

A1 = 163.309   B1 = -1.1691757  C1 = 2.8877666 E-3 

A2 = -4.88161   B2 = 3.248041 E-2  C2 = -8.1313015 E-5 

A3 = 6.302948 E-2  B3 = -4.034184 E-4  C3 = 9.9116628 E-7 

A4 = -2.913705 E-4  B4 = 1.8520569 E-6  C4 = -4.4441207 E-9 
 

B.2 Solution Temperature-Refrigerant Temperature and Saturation pressure [8] 

 

For   Refrigerant -15 < t�  < 110 C�   

Solution temperature 5 < t  < 175 C�   

Concentration 45 < X  < 70 LiBr%  

C,XAtXBt 3
0

n
n

3
0

n
n

��� ���

C,XA/)XBt(t 3
0

n
n

3
0

n
n

������

  KT;kPaP,T/ET/DCPlog 2 ��������  

  
5.02 )]PlogC(E4D[D
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���

�
��  



Final Report 

Use of Absorption Heat Transformer for Upgrading Low Temperature Solar Heat 

Chiang Mai University 
 

59 

A0 = -2.00755   B0 = 124.937   C = 7.05 

A1 = 0.16976   B1 = -7.71649   D = -1596.49 

A2 = -3.133362 E-3  B2 = 0.152286   E = -104095.5 

A3 = 1.97668 E-5  B3 = -7.9509 E-4 
 

B.3 Equilibrium Chart for Aqueous Lithium Bromide Solutions [8] 

 
 

B.4 Density of Aqueous Lithium Bromide Solutions [9] 

For  Solution temperature t  < 250 C�   

Concentration 30 < X  < 65 LiBr%  

 

  32
2

5.1
100 m/kg],m)t(dm)t(dm)t(d1)[t(�)m,t(� ����  

  kg/mole),w1(M/wm s ��  

  �
�

�
4

0i

i
jij tC)t(d  

  �)t(�0  Density of pure water, 3m/kg  

  mole/kg,086845.0Ms �  
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Table of Coefficients jiC  

j/i 0 1 2 3 4 

0 

1 

2 

6.9979 E-2 

-7.30855 E-3 

1.811867 E-4 

-9.36591 E-5 

1.78947 E-5 

-1.9292 E-6 

1.1770035 E-6 

-3.458841 E-8 

-1.565022 E-8 

-2.829722 E-9 

-8.88725 E-10 

2.082693 E-10 

7.963374 E-12 

1.085224 E-12 

-3.761121 E-13 

 

B.5 Heat Capacity of Aqueous Lithium Bromide Solutions [10] 

For  Solution temperature 40 < t  < 210 C�   

Concentration 40 < X  < 65 LiBr%  

 

  Ckg/kJ,t)XBB()XAA(Cp 1010
������  

 

A0 = 3.462023      B0 = 1.3499 E-3 

A1 = -2.679895 E-2     B1 = -6.55 E-6 

 

B.6 Entropy of lithium bromide-water solutions [11] 

For  Solution temperature 40 < t  < 210 C�   

Concentration 40 < X  < 65 LiBr%  

 

  Kkg/kJ,TXBS
3

0i

3

0j

ij
ij �� � �

� �
 

 

Table of Coefficients ijB  

i 0iB  1iB  2iB  3iB  

0 

1 

2 

3 

5.127558 E-01 

1.226780 E-02 

-1.364895 E-05 

1.021501 E-08 

-1.393954 E-02 

-9.156820 E-05 

1.068904 E-07 

0 

2.924145 E-05 

1.820453 E-08 

-1.381109 E-09 

0 

9.035697 E-07 

-7.991806 E-10 

1.529784 E-11 

0 
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C. The average solar radiation of Chiang Mai, Thailand [5].  

0

100
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300

400
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800
900

1000

6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

Time of day

I T 
(W

/m
2 )

Average Jan Feb
Mar Apr May
Jun Jul Aug
Sep Oct Nov
Dec

 
 

Month Jan Feb Mar Apr May Jun 

TI  )dm/MJ( 2 �  17.82 20.34 21.71 22.36 19.69 16.88 

Month Jul Aug Sep Oct Nov Dec 

TI  )dm/MJ( 2 �  15.66 15.23 15.77 15.73 15.84 16.45 

Average,TI  )dm/MJ( 2 �  17.79 
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D. Thermodynamics design 

LITHIUH BROMIDE-WATER ABSORPTION HEAT PUMP FOR TEMPEATURE BOOSTING OF LOW GRADE HEAT

Link form programing

Initial conditions

Calculated

A
Q

E
Q

C
Q

G
Q  

Initial condition

Refrigerant is solution : WATER LiBr

Waste heat WATER

Temperature waste heat (T WH ) 60 65 70 75 80 85 90 95 ('C)

�� T Condenser C  and Evaporator A 5 ('C)

�� T Evaporator C  and Condenser A -5 ('C)

�� T Heat exchanger 5 ('C)

�� T Drop of fluid 5 ('C)

Refrigerant  vapor  is  100%  water (X) : 1 (mass water / mass  liquid)

Adiabatic (Heat transfer efficiency) : 100%

Effectiveness 70%

X1 ������� 0 (mass water / mass  liquid)

X5 ������� 0.55 (mass water / mass  liquid)

X8 ������� 0.50 (mass water / mass  liquid)

Cooling fluid WATER

Cooling temperature inlet (T en,in ) 30 ('C)

Cooling temperature outlet (T en,in ) 35 ('C)

Assump

Steady  state

No pressure change except though flow errestrictors and pump

State at points 2 ,  5 , 8  are  saturated  liquid

Flow  restrictors  and  adiabatic

Pump  is  Isentropic  
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Waste heat

Heating capacity of waste heat for design (kW)

Temperature waste heat inlet 60.00 65.00 70.00 75.00 80.00 85.00 90.00 95.00 ('C)

Temperature at each component

Evaporator  (T4) 50.00 55.00 60.00 65.00 70.00 75.00 80.00 85.00 ('C)

Condenser (T2) ('C)

Absorber (T8) 0.00 0.00 0.00 0.00 0.00 104.28 109.87 115.46 ('C)

Minimum temperature to boil water at the generator (T min ) 74.49 74.49 74.49 74.49 74.49 74.49 74.49 74.49 ('C)

Generator  (T5) 50.00 55.00 60.00 65.00 70.00 75.00 80.00 85.00 ('C)

Pressure of Absorption ('C)

High Pressure (Water at the evaporator) 0.00 0.00 0.00 0.00 0.00 38.60 47.41 57.87 (kPa)

0.00 0.00 0.00 0.00 0.00 0.39 0.47 0.58 (Bar, Ab)

0.00 0.00 0.00 0.00 0.00 -0.39 -0.47 -0.58 (Bar, G)

Low Pressure (Water at the condenser) 0.00 0.00 0.00 0.00 0.00 5.63 5.63 5.63 (kPa)

0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.06 (Bar, Ab)

0.00 0.00 0.00 0.00 0.00 -0.94 -0.94 -0.94 (Bar, G)

Pressure ratio 0.00 0.00 0.00 0.00 0.00 6.86 8.42 10.28

Pressure differential 0.00 0.00 0.00 0.00 0.00 0.33 0.42 0.52 (Bar, Ab)

At evaporator and condenser

Q'e 0.00 0.00 0.00 0.00 0.00 10.00 10.00 10.00 (kW)

0.00 0.00 0.00 0.00 0.00 2.84 2.84 2.84 (TR)

T4 0.00 0.00 0.00 0 0 75 80 85 ('C)

hv4 0.00 0.00 0.00 0.00 0.00 2634.60 2643.02 2651.33 (kJ/kg)

s2 0.00 0.00 0.00 0.00 0.00 0.57 0.57 0.57 (kJ/kg-'C)

h2 0.00 0.00 0.00 0.00 0.00 167.53 167.53 167.53 (kJ/kg)

Isentropic process (s2=s3) 0.00 0.00 0.00 0.00 0.00 0.57 0.57 0.57 (kJ/kg-'C)

T2 0.00 0.00 0.00 0.00 0.00 40.00 40.00 40.00 ('C)

T3 = T2 0.00 0.00 0.00 0.00 0.00 40.00 40.00 40.00 ('C)

hl3 0.00 0.00 0.00 0.00 0.00 167.53 167.53 167.53 (kJ/kg)

T1 0.00 0.00 0.00 0.00 0.00 75.00 80.00 85.00 (kJ/kg)

h1 0.00 0.00 0.00 0.00 0.00 2634.60 2643.02 2651.33 (kJ/kg)

m'ref = m'1 = m'2 = m'3 = m'4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0041 0.0040 0.0040 (kg/s)

0.0000 0.0000 0.0000 0.0000 0.0000 0.2432 0.2424 0.2416 (kg/min)

0.0000 0.0000 0.0000 0.0000 0.0000 14.5922 14.5426 14.4940 (kg/hr)

At generator

Tg 0.00 0.00 0.00 0.00 0.00 75.00 80.00 85.00 ('C)

hv3 0.00 0.00 0.00 0.00 0.00 2634.60 2643.02 2651.33 (kJ/kg)

m'5 = m'6 = m'7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0405 0.0404 0.0403 (kg/s)

m'8 = m'9 = m'10 0.0000 0.0000 0.0000 0.0000 0.0000 0.0446 0.0444 0.0443 (kg/s)

20.00

40
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At heat exchanger 

T5 0.00 0.00 0.00 0.00 0.00 75.00 80.00 85.00 ('C)

h5 0.00 0.00 0.00 0.00 0.00 166.10 176.47 186.84 (kJ/kg)

s5 0.00 0.00 0.00 0.00 0.00 0.47 0.50 0.53 (kJ/kg-'C)

Isentropic process (s5=s6) 0.00 0.00 0.00 0.00 0.00 0.47 0.50 0.53 (kJ/kg-'C)

T6 = T5 (S=f(T,X)) 0.00 0.00 0.00 0.00 0.00 75.00 80.00 85.00 ('C)

T8 0.00 0.00 0.00 0.00 0.00 104.28 109.87 115.46 ('C)

h8 0.00 0.00 0.00 0.00 0.00 223.71 236.12 248.54 (kJ/kg)

Thorting process (h8=h9) 0.00 0.00 0.00 0.00 0.00 223.71 236.12 248.54 (kJ/kg)

T8 0.00 0.00 0.00 0.00 0.00 104.28 109.87 115.46 ('C)

Effectivness

Effectivness  = Q actual  /  ((m' Cp) min  * (T hot,in  - T cold,in ))

Q actual  = Effectiveness * ((m' Cp) min  * (T hot,in  - T cold,in ))

Hot  fulid

m'8 = m'9 0.0000 0.0000 0.0000 0.0000 0.0000 0.0446 0.0444 0.0443 (kg/s)

Cp8 0.00 0.00 0.00 0.00 0.00 2.23 2.23 2.24 (kJ/kg-'C)

m'8*Cp8 0.0000 0.0000 0.0000 0.0000 0.0000 0.0994 0.0993 0.0992 (kJ/s-'C)

Cold fulid

m'5 =m'6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0405 0.0404 0.0403 (kg/s)

Cp6 0.00 0.00 0.00 0.00 0.00 2.06 2.07 2.07 (kJ/kg-'C)

m'6* Cp6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0836 0.0835 0.0834 (kJ/s-'C)

(m"Cp) min 0.0000 0.0000 0.0000 0.0000 0.0000 0.0836 0.0835 0.0834 (kJ/s-'C)

Capacity of heat exchanger (Q max ) 0.00 0.00 0.00 0.00 0.00 2.45 2.49 2.54 (kW)

Capacity of heat exchanger (Q actual ) 0.00 0.00 0.00 0.00 0.00 1.71 1.75 1.78 (kW)

T cold,out  = T7  = (Qactual /  m'6* Cp6) +T6

0.00 0.00 0.00 0.00 0.00 95.50 100.91 106.32 ('C)

T hot,out  = T9  = T8 - (Qactual /  m'8* Cp8)

0.00 0.00 0.00 0.00 0.00 87.04 92.28 97.53 ('C)

h7 0.00 0.00 0.00 0.00 0.00 208.63 219.88 231.12 (kJ/kg)

h9 0.00 0.00 0.00 0.00 0.00 204.24 216.23 228.24 (kJ/kg)

h10 = h9 0.00 0.00 0.00 0.00 0.00 204.24 216.23 228.24 (kJ/kg)

At solution pump

Different of pressure 0.00 0.00 0.00 0.00 0.00 0.33 0.42 0.52 (Bar)

Density 0.00 0.00 0.00 0.00 0.00 1122.77 1119.27 1115.69 (kg/m
3
)

Specific  volume 0.0000 0.0000 0.0000 0.0000 0.0000 0.0009 0.0009 0.0009 (m
3
/kg)

Capacity of solution pump 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0004 0.0005 (kW)

At pump

Different of pressure 0.00 0.00 0.00 0.00 0.00 0.33 0.42 0.52 (Bar)

Density 0.00 0.00 0.00 0.00 0.00 992.18 992.18 992.18 (kg/m
3
)

Specific  volume 0.0000 0.0000 0.0000 0.0000 0.0000 0.0010 0.0010 0.0010 (m
3
/kg)

Capacity of the pump 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0004 0.0005 (kW)

Capacity of element

Absorber 0.00 0.00 0.00 0.00 0.00 9.16 9.07 8.97 (kW)

Generator 0.00 0.00 0.00 0.00 0.00 8.31 8.20 8.09 (kW)

Evaporator 0.00 0.00 0.00 0.00 0.00 10.00 10.00 10.00 (kW)

Condenser 0.00 0.00 0.00 0.00 0.00 10.00 10.00 10.00 (kW)

COP

Q a  / (Q g  + Q e + W P + W SP ) 0.0000 0.0000 0.0000 0.0000 0.0000 0.5004 0.4982 0.4960 (-)

70%
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E. Diagram of the AHT 
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F. Electrical diagram of the AHT 
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G. Specifications of each components in the AHT 

� Nozzles 

� Solenoid  valves 

� Check valves 

� Solution pumps 

� H2O-LiBr solutions  

� Balancing valve 

� Level switch 
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Nozzles
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Solenoid  valves
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H2O-LiBr solutions 
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H. The data records 

� The electrical consumption of the AHT with supplied heat by auxiliary heater 

� The electrical consumption of the Solar-AHT 

� The volume flow rate of the AHT

� The temperature record of the AHT on 15/10/1553 (Non-used hot water in tank)

� The temperature record of the AHT on 15/10/1553 (Used hot water in tank)
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K. Calculation from the data records 

 Example for calculating performance of a tested the AHT on 15/10/2010 at 

13:45:12 o’clock: 

� �Gly-Water    

= �(TST)       ; From Table H.4 

= �(65.5)        ; (kg/m³), Programming 

= 1,073.31       ; (kg/m³) 

� CpGly-Water     

= Cp(TST)       ; From Table H.4  

= Cp(65.5)       ; (kJ/kg·K), Programming 

= 3.26        ; (kJ/kg·K)  

� STQ�     

= 1000t
/�)TT(CpV WaterGlySTSTWaterGlyST ��
��     ; From Table H.3 and H.4  

= 200 x 3.26 x (65.5 – 62.3) x 1,073.31 / (5 x 60 x 1000) ; (kW)  

= 15.15       ; (kW)  

� TUF,bulk (For used hot water in storage tank)     

= 2/)TGT( o,UFi,UF �       ; From Table H.4  

= (29.9 + 83.7) / 2      ; (�C) 

= 56.8        ; (�C)  

� �UF,bulk (For used hot water in storage tank)     

= �(TUF,bulk)       ; From Table H.4 

= �(56.8)        ; (kg/m³), Programming 

= 984.77       ; (kg/m³) 

� CpGly-Water (For used hot water in storage tank)      

= Cp(TUF,bulk)       ; From Table H.4  

= Cp(56.8)       ; (kJ/kg·K), Programming 

= 4.18        ; (kJ/kg·K)  

� STQ�  (For used hot water in storage tank)    

= 1000/�)TT(CpV bulk,UFi,UFo,UFbulk,UFUF ��     ; From Table H.3 and H.4  
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= 0.00186 x 4.18 x (83.7 – 29.9) x 984.77 / 1000  ; (kW)  

= 4.19        ; (kW)  

� TGHW,bulk    

= 2/)TGTG( o,HWi,HW �      ; From Table H.4  

= (71.50 + 60.90) /2      ; (�C) 

= 66.2        ; (�C)  

� �THW,G  

= o,HWi,HW TGTG �       ; From Table H.4  

= 71.50 – 60.90       ; (�C) 

= 10.6        ; (�C)  

� CpHW,G     

= Cp(TGHW,bulk)      ; From Table H.4  

= Cp(66.2)       ; (kJ/kg·K), Programming 

= 4.19        ; (kJ/kg·K)  

� �HW,G    �

= �( TGHW,bulk)      ; From Table H.4 

= �(66.2)        ; (kg/m³), Programming 

= 979.86       ; (kg/m³) 

� GQ�       

= 1000/�T
CpV G,HWG,HWG,HWG
�      ; From Table H.3 and H.4 

= 0.2354 x 4.19 x 10.6 x 979.86 / 1000    ; (kW)  

= 10.24       ; (kW)  

� TEHW,bulk � � �

= 2/)TETE( o,HWi,HW �      ; From Table H.4  

= (71.70 + 56.40) / 2      ; (�C) 

= 64.05       ; (�C)  

� �THW,E    

= o,HWi,HW TETE �       ; From Table H.4  

= 71.70 – 56.40       ; (�C) 

= 15.3        ; (�C)  
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� CpHW,E   �

= Cp(TEHW,bulk)      ; From Table H.4  

= Cp(64.05)       ; (kJ/kg·K), Programming 

= 4.19        ; (kJ/kg·K)  

� �HW,E     

= �( TEHW,bulk)      ; From Table H.4 

= �(64.05)        ; (kg/m³), Programming 

= 981.03       ; (kg/m³) 

� EQ�      

= 1000/�T
CpV E,HWE,HWE,HWE
�      ; From Table H.3 and H.4 

= 0.2026 x 4.19 x 15.3 x 981.03 / 1000    ; (kW)  

= 12.73       ; (kW)  

� TCCW,bulk 

= 2/)TCTC( o,CWi,CW �      ; From Table H.4  

= (26.10 + 27.20) / 2      ; (�C) 

= 26.65       ; (�C)  

� �TCW,C  

= i,CWo,CW TCTC �       ; From Table H.4  

= 27.20 – 26.10       ; (�C) 

= 1.1        ; (�C)  

� CpCW,C  

= Cp(TCCW,bulk)      ; From Table H.4  

= Cp(26.65)       ; (kJ/kg·K), Programming 

= 4.18        ; (kJ/kg·K)  

� �HW,C  

= �( TCCW,bulk)      ; From Table H.4 

= �(26.65)        ; (kg/m³), Programming 

= 996.57       ; (kg/m³) 

� CQ�   
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= 1000/�T
CpV C,CWC,CWC,CWC
�      ; From Table H.3 and H.4 

= 1.2618 x 4.18 x 1.1 x 996.57 / 1000    ; (kW)  

= 6.94        ; (kW)  

� TAUG,bulk�

= 2/)TATA( o,UGi,UG �      ; From Table H.4  

= (59.30 + 67.60) / 2      ; (�C) 

= 63.45       ; (�C)  

� �TUG,A  

= i,UGo,UG TATA �       ; From Table H.4  

= 67.60 – 59.30       ; (�C) 

= 8.3        ; (�C)  

� CpUG,A �

= Cp(TAUG,bulk)      ; From Table H.4  

= Cp(63.45)       ; (kJ/kg·K), Programming 

= 3.25        ; (kJ/kg·K)  

� �UG,G   

= �( TAUG,bulk)      ; From Table H.4 

= �(63.45)        ; (kg/m³), Programming 

= 1073.65       ; (kg/m³) 

� AQ�  

= 1000/�T
CpV A,UGA,UGA,UGA
�      ; From Table H.3 and H.4 

= 0.3882 x 3.25 x 8.3 x 1073.65 / 1000    ; (kW)  

= 11.24       ; (kW)  

� HRUG  

= )QQ/(Q EGA
��� �       ; From calculation 

= 11.24 / (10.27 + 12.73)      ; (-)  

= 0.49        ; (-)  

� EERAHT 

= AHTA W/Q�        ; From Table H.1 

= 11.24 / 2.094       ; (kWth/kWe)  
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= 5.33        ; (kWth/kWe)   

� PLow  

= P(TCond)       ; From Table H.4  

= Cp(31.3)       ; (kPa), Programming 

= 4.82        ; (kPa)  

� PHigh   

= P(TEvap)       ; From Table H.4  

= Cp(66.3)       ; (kPa), Programming 

= 14.87       ; (kPa)  

� Xmax  

= X(TGen,TCond)      ; From Table H.4  

= X(60.7,31.3)       ; (%), Programming 

= 52.97       ; (%)  

� Xmin  

= X(TAb,TEvap)       ; From Table H.4  

= X(71.0,52.8)       ; (%), Programming 

= 44.97       ; (%)  

� h1 

= h(TGen)       ; From Table H.4  

= h(60.7)       ; (kJ/kg), Programming 

= 2,610.05       ; (kJ/kg)  

� h2  

= h(TCond)       ; From Table H.4  

= h(31.3)       ; (kJ/kg), Programming 

= 131.17       ; (kJ/kg)  

� refm�  

= )hh/(Q 21C ��       ; From calculation  

= 6.94 / (2,610.05 – 131.17)     ; (kg/s) 

= 0.0028       ; (kg/s)  

� 5m�  

= )XX/(Xm minmaxminref ��      ; From calculation  

= 0.0028 x 44.97 / (52.97 – 44.97)    ; (kg/s) 
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= 0.0157       ; (kg/s)  

� 8m� �

= )XX/(Xm minmaxmaxref ��      ; From calculation  

= 0.0028 x 52.97 / (52.97 – 44.97)    ; (kg/s) 

= 0.0185       ; (kg/s) �

� �  �

= �(TCond)       ; From Table H.4  

= �(31.3)       ; (kg/m3), Programming 

= 995.21       ; (kg/m3)�

� ! � �

= "�#��         ; From calculation  

= "�#�995.21       ; (m3/ kg) 

= 0.0010       ; (m3/ kg) �

� �$ 

= �(TGen,Xmax)       ; From Table H.4  

= �(60.7)       ; (kg/m3), Programming 

= 1,143.99       ; (kg/m3)�

� !$  

= "�#��$        ; From calculation  

= "�#�1,143.99       ; (m3/ kg) 

= 0.0009       ; (m3/ kg)  

� WP  

= 100�/1000mv)PP( Pref2LowHigh ��     ; From calculation  

= �%"&'()���&'( *�x 0.0010 x 0.0028 x 1000 / 0.8 / 1000 ; (W) 

= 0.00035       ; (W)  

� WSP  

= 100�/1000mv)PP( SP55LowHigh ��     ; From calculation  

= �%"&'()���&'( *�x 0.0009 x 0.0159 x 1000 / 0.8 / 1000 ; (W) 

= 0.00173       ; (W)  

� COPAHT  

= )WWQQ/(Q SPPEGA ��� ���      ; From calculation  
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101 

= 11.24 / (10.24 + 12.73 + 0.00035/1000 + 0.00173/1000) ; (-) 

= 0.49        ; (-)  

� (TA,i – TE) / (TG,i – TC) 

= (59.3 – 52.8)  / (71.5 – 31.3)     ; From calculation 

= 0.16        ; (-)  
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Table K.1 The calculation results of the AHT (Non-used water in tank, Continued). 

Time
!$� WP WSP COPAHT (TA,i-TE)/(TG,i-TC)

(m3/kg) (W) (W) (-) (-) 
13:45:12 0.0009 0.00035 0.00173 0.49 0.16 
13:50:12 0.0009 0.00054 0.00239 0.59 0.10 
13:55:12 0.0009 0.00068 0.00307 0.46 0.15 
14:00:12 0.0009 0.00136 0.00629 0.41 0.20 
14:05:12 0.0009 0.00148 0.00659 0.41 0.20 
14:10:12 0.0009 0.00124 0.00835 0.33 0.26 
14:15:12 0.0009 0.00134 0.00854 0.31 0.28 
14:20:12 0.0009 0.00156 0.01215 0.27 0.31 
14:25:12 0.0009 0.00162 0.01091 0.27 0.31 
14:30:12 0.0009 0.00177 0.01076 0.26 0.32 
14:35:12 0.0009 0.00187 0.01067 0.25 0.32 
14:40:12 0.0009 0.00177 0.00910 0.20 0.33 
14:45:12 0.0009 0.00175 0.00917 0.20 0.35 
14:50:12 0.0009 0.00201 0.01154 0.17 0.36 
14:55:12 0.0009 0.00209 0.01231 0.20 0.35 
15:00:12 0.0009 0.00208 0.01157 0.19 0.36 
15:05:12 0.0009 0.00181 0.00972 0.17 0.39 
15:10:12 0.0009 0.00208 0.01118 0.13 0.39 
15:15:12 0.0009 0.00230 0.01232 0.20 0.37 
15:20:12 0.0009 0.00229 0.01561 0.16 0.44 
15:25:12 0.0009 0.00222 0.01364 0.19 0.42 

                   Note : The number in table reference Figure 1.4 
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Table K.2 The calculation results of the AHT (Used water in tank, Continued). 

Time
!$� WP WSP COPAHT (TA,i-TE)/(TG,i-TC)

(m3/kg) (W) (W) (-) (-) 
15:36:55 0.0009 0.00166 0.01129 0.38 0.35 
15:37:55 0.0009 0.00168 0.01105 0.38 0.34 
15:38:55 0.0009 0.00166 0.01090 0.39 0.35 
15:39:55 0.0009 0.00171 0.01111 0.39 0.34 
15:40:55 0.0009 0.00166 0.01048 0.40 0.34 
15:41:55 0.0009 0.00161 0.00994 0.40 0.33 
15:42:55 0.0009 0.00159 0.00979 0.40 0.33 
15:43:55 0.0009 0.00161 0.00949 0.42 0.32 
15:44:55 0.0009 0.00158 0.00930 0.41 0.33 
15:45:55 0.0009 0.00159 0.00904 0.40 0.32 
15:46:55 0.0009 0.00158 0.00902 0.41 0.32 
15:47:55 0.0009 0.00155 0.00933 0.41 0.32 
15:48:55 0.0009 0.00161 0.01117 0.39 0.34 
15:52:55 0.0009 0.00143 0.01213 0.38 0.36 
15:53:55 0.0009 0.00145 0.01184 0.40 0.36 
15:54:55 0.0009 0.00142 0.01156 0.40 0.35 
15:55:55 0.0009 0.00144 0.01107 0.42 0.34 
15:56:55 0.0009 0.00147 0.01149 0.43 0.34 
15:57:55 0.0009 0.00143 0.01079 0.44 0.33 
15:58:55 0.0009 0.00143 0.01057 0.45 0.33 
15:59:55 0.0009 0.00149 0.01048 0.46 0.32 

                    Note : The number in table reference Figure 1.4 

Other calculation results as shown in Table K.1 – K.2 save in the CD-ROM. 

 

 

 


