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CHAPTER 1. INTRODUCTION

1.1 BACKGROUND AND OBJECTIVES

In 1777, Gerald Nairne had discovered a phenomenon that H,SO,
absorbs water vapor , and in 1810, John Leslie in Scotland made a
refrigerator applying this principle. This was the first refrigerator as

absorption chiller/heater.

In 1850, Edmond Carre of France invented water-H,SO4 absorption
refrigerator, and Ferdinand Carre of France made absorption
refrigerator using NH; as a refrigerant and water as an absorbent and

acquired the special right.

Absorption refrigerator drawn attention at the beginning of the 20th
century, but it had not been taken notice until 1925. But, in the
1930's, keeping an eye on absorption refrigeration cycle of the
recently used water as a refrigerant and LiBr as an absorbent had

started.

Besides, recently, CFC (Chloro Fluoro Carbon) abolished by
determination in accordance to the 3rd agreement of international
conference of Montreal' protocol about the problem of ozone
depletion. And HCFC (Hydro Chloro Fluoro Carbon) , having a little
damage, would also be banned in 2020. So these are being helpful

information to a diffusion of absorption refrigerator.



In case of the internal need of the country, installation rate of
chiller/heater is increasing for pursuit of the comfortable living place,
and among the rest, installation rate of cooler is augmenting yearly.
Accordingly, imbalance problem of supply and demand of electric
power is being a serious issue because air-conditioning demands using
the other energy excepting electric power to solve disproportion
problem of supply and demand of electric power. It's gas that is

clean energy to solve this problem.

We are paying for importing gas in summer season, because we
can't only depend on a concentrative import in winter and have to

import it as a fixed quantity all the year round.

So, absorption chiller/heater is being in the spotlight because it has
a big advantage to solve a buming problem of electric power in
summer season and using gas as clean energy for air-conditioning.
But absorption chiller/heater inside the country is being mainly

supplied by means of air-conditioning more than 30RT. [1-5]

Absorption chiller/heater is consisted of main apparatus of absorber,
generator, condenser and solution heat exchanger, and the absorber
occupies about 33% for heat transfer area and 27% for it's volume.
Accordingly we need to make a investigation about the absorber for a
smaller size, lighter weight and higher efficiency of absorption

chiller/heater.[16-19]



Now-a-days, researches is required to make high density by plat
heat exchange method by developing high efficiency heat pipe to
make the absorption -chiller/heater smaller in size and lighter in

weight.[12]

For increasing heat transfer area, we need to make an enlargement
of heat transfer area per unit of volume, and can make a high
density by plate type heat exchange method instead of heat exchange

method of horizontal tubes bundle type.

In this study, I have done absorption experiments with plate type
absorber for detailed investigation of properties of plate absorber,

which can increase heat transfer area per a unit of volume.

1.2 REVIEW OF PREVIOUS STUDY

Recently, studies on plate absorber are going on, researches are
being carried out actively, and attained to common grade, but results

of published research are little.

Strenger et al.[6] carried out experiment on the absorption of water
vapor into a LiBr solution film falling outside vertical plate with
cooling water flowing inside. The plate used was 3m in height, 0.3m
in width and 0.005m in thickness. The effect of system pressure,

solution temperature and concentration on the overall heat transfer



coefficient were investigated, with the result that the overall heat

transfer coefficient was changed from 0.3kW/m® + K to 1.8kW/m” - K.

Grossman et al.[7,14,15] analyzed absorption process of refrigerant
vapor in a steady liquid film falling down over an incline plane on
the assumption that uniform temperature and heat flux at wall, and
the physical properties of liquid solution are constant and independent
of temperature. The model can predict the temperature and
concentration profiles. The heat and mass transfer coefficients were
determined from the Nusselt and Sherwood numbers, which were

expressed in terms of the operating parameters.

Morioka et al.[8] performed an experimental study on the absorption
of water vapor into a LiBr solution film falling outside a vertical
tube which was considered as vertical plate because of 84mm outer
diameter and 4m length analyzed the effect of system pressure and
coolant temperature. They proposed the optimum thickness of solution

film for a maximum absorption mass transfer rate.

Homma et al[10] analyzed a falling film of LiBr solution of
vertical plate wall cooled by water, however the thermal effect due to
diffusion was neglected. Besides, the operating conditions were chosen

on the assumption that the mass flow rate of cooling water has

already known.

It does not match with an actual designing and operating conditions



of plate absorber where the temperature difference between the inlet
and outlet cooling water temperature are chosen first and controlled to
steady during operation of absorption chiller/heater whereas the mass

flow rate of cooling water is determined and changed later.



CHAPTER 2. EXPERIMENTAL THEORY

2.1 WORKING PRINCIPLE OF ABSORPTION
CHILLER/HEATER

Absorption is a phenomenon that refrigerant is entered to solution
by vapor pressure difference of solution and refrigerant.[11]

We are required to absorb refrigerant vapor in evaporator to
solution more and more for advancement of refrigerating capacity.

If we compare with condensation contacted directly to water vapor,
vapor pressure is dropped by decrease of water temperature in
condensation, but vapor pressure is fallen by melting of salts like
LiBr to water in absorption. So, essentially condensation and
absorption is the same principle

However, when refrigerant vapor is absorbed to absorption solution
in absorption process, more complex phenomenon arises because of
coexistence of heat transformation by latent heat and concentration
distribution by substance transformation.[13]

Fig. 2.1 shows conceptual absorption process. Pressures of
evaporator and absorber are maintained by P; and temperatures of
water and absorption solution became T, and T+AT:; that are
equilibrium temperature (saturated temperature) to Pi.

In here, AT, is a boiling point increasement by melting of water to
salts like LiBr, and temperature in absorber must be maintain

temperature as high as AT, that is a increasement value of boiling



increasement than T; which is the temperature in evaporator. In here,
if absorber is cooled, solution temperature is decreased, and pressure
in absorber become more low than P, which is a equilibrium state
because of saturated pressure. So, refrigerant vapor is flowing in
absorber from evaporator by pressure difference AP;, and refrigerant is
evaporated in evaporator. If refrigerant is evaporated, temperature in
evaporator is descended, and saturated pressure is also descended.

Accordingly, quantity of heat corresponded to evaporation latent heat
needs to be supplied for maintenance of temperature T, and pressure
P, that are initial conditions in evaporator. It has to take a heat from
a heat source of low temp. By the way, refrigerant vapor is absorbed
to absorption solution in absorber, discharges a latent heat and
becomes a liquid phase. If this latent heat and heat corresponded to
dilution heat of solution is discharged out of system by cooling water
and solution temperature is maintained as a little lower temperature,
absorption happens continuously because pressure in absorber can be
kept as lower pressure as AP than saturated pressure Pi.

Absorption solution is gradually weakened due to progress of
absorption and absorption capacity is dropped because, quantity of
absorption solution in absorber is limited. So, concentration of
absorption solution needs to be generated on high concentration. It's a
genecration to concentrate absorption solution by evaporation of
refrigerant in absorption solution, conception diagram is showed in

Fig. 2.2. Here is being maintained P, as pressure in system, Ty the



temperature in condenser, and T,+AT, that is temperature in generator.
In this condition, if generator is heated by urban gas etc., temperature
ot solution is increased, so vapor pressure is also increased. Under
this circumstances, refrigerant vapor produced in generator is
transferred to condenser because 1t 1s produced at a pressure
difference as AP, between condenser and generator. In this time, if
temperature and pressure is maintained as T; and P; that is initial
conditions by cooling of the inside of condenser, produced vapor is in
liquid phase.

From the energy view point, heating quantity in generator is used
on evaporating latent heat for producing vapor and to concentrate
absorption solution and is removed by cooling water as heat quantity
by liquefaction of produced vapor.

In absorption and generation process, evaporation, absorption,
generation and condensation is similar while operate separately,
however actually these processes made absorption cycle by connecting
consecutively.

Absorption solution weakened by refrigerant absorption, is sent to
the inside of generator by solution pump. Absorption solution
concentrated by heating is returned to absorber again, refrigerant vapor
of high temperature and pressure produced in this time discharges
latent heat, is liquefied, and forms cycle supplied to evaporator. These

processes are showed to Fig. 2.3.



Abscrbedy AP
Cooling - vapor || Chilled
water : water
LiBr sclution
Absorber Refrigerant(H,0) Evaporator

Fig. 2.1 Mechanism of vapor absorption in absorber



Cooling
water

LiBr solution

W Refrigerant(H,0) Condensor

Generator

Fig. 2.2 Mechanism of vapor generation in generator
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CHAPTER 3. EXPERIMENTAL APPARATUS

3.1 COMPOSITION OF EXPERIMENTAL APPARATUS

Experimental apparatus composed in this study is designed and
produced as batch type, and batch type has following advantages
more than sequence type.

i) Operation of system is simple.

ii) Experimental conditions (parameters) namely, control of
temperature, concentration of supply solution, supply flow rate,
pressure of absorber and temperature of cooling water etc. can
be controlled independently.

iii} By controling each parameters independently, we can grasp
easily about effects of absorption phenomenon by each

parameters.

But, batch type has defects like these
1) It is difficult to continue operating for a long time.
ii) Each component's size of system required to be large to

increase the operating time of system.
Fig. 3.1 shows the schematic diagram of experimental apparatus

used in this study, it's composed as absorber, evaporator, strong

solution tank, generator, weak solution tank, refrigerant tank, heater

_12._



and tubes etc. for connection of apparatus.

Fig. 3.2 shows the wetted plate exchanger and the entire picture of
this experimental apparatus, Fig. 3.3 shows the conventional horizontal
shell and tube type and the schematic diagram of plate type heat
exchanger used in this experiment, and Fig. 3.4~3.6 shows the plate
used to plate type heat exchanger.

Fig. 3.7~Fig. 3.13 give the pictures of attached machinery and
equipments for measurement, and the specification are showed in
Table 1.

The experimental apparatus installed include a vacuum pump to
maintain the vacuum of system, a digital pressure sensor for high
pressure at the top of generator to know pressure of apparatus and a
digital manometer for low pressure at the top of absorber.

Tubes are also installed for water circulation to supply cooling
water from constant temperature bath of 2HP/5kW grade at absorber
and chilled water from constant temperature bath of 3HP/8kW grade.

Sheath type thermocouples are installed to measure temperature of
inlet and outlet of each water and solution tubes of absorber,
evaporator, generator and tanks.

Flow meters are installed to measure the flow rate of cooling water,
chilled water and solution.

And Sample valves are installed to measure solution concentration
of inlet and outlet of absorber and the gear pumps are installed for

constant flow rate of refrigerant and solution.

_.13_.
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(Conting water  (Chilled water  (DAbsorber  @Evaporator  (Sampling valve
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Fig. 3.1 Schematic diagram of experimental Apparatus



(a)The wetted plate exchanger

Constant
temperature pat

(b)Experimental apparatus

Fig. 3.2 Photograph of experimental apparatus



Strong solution Refrigerant

Evaporator

Conventional horizontal shell and tube type

Strong selution Refrigerant

Evaporator

Plate type

Fig. 3.3 Schematic diagram of conventional horizontal tubes

bundle type and plate type absorber
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Fig. 3.5 Plate layout
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Fig. 3.6 Plate type exchanger

Fig. 3.7 Photograph of vacuum pump
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Fig. 3.8 Photograph of high pressure transducer

Fig. 3.9 Photograph of low pressure transducer
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Fig. 3.10 Photograph of constant temperature bath for chilled water

Fig. 3.11 Photograph of constant temperature bath for cooling water
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.12 Photograph of gear pump

Fig. 3.13 Photograph of LiBr solution flow meter
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Table 3.1 Specification of the measuring instrument

Measuring . . Error
] Specification Maker Model No.
instrument bound
0.5 PS
Vacuum pump = SHINMYUNG D10A -
5x 107 Torr
High pressure
14.7~35 PSIG SETRA 280E *0.5%
tranducer
Low pressure
0~100 Torr MKS 128AA-00100D| *0.25%
transducer
Constant
4~40 Vmin
temperature bath for AR AR 3RT *+0.2%
. -10TC ~60TC
cooling water
Constant .
4~40 l/min
temperature bath for SAMWON M9911 +0.2%
-10T~607C
chilled water
Magnet . MDG
3.9~4.5 Vmin IWAKI -
gear pump -MAT6A100
LiBr solution .
0~2 Vmin FLOW CELL NC.002959 *0.8%

flow meter

_22_




3.2 THE METHOD OF EXPERIMENT

Experiment was progressed in batch type divided by processes of
establishment of experimental conditions measurement of performance

and generation of solution to perform the experiment in stable state.

(1) The process of establishment of experimental conditions

The process of establishment of experimental conditions have to take a
vacuum inside the system that is enough for the proper experimental
conditions and controls the temperature conditions of solution in string
solution tank, cooling water for absorber chilled water for evaporator and
refrigerant tank.

Cooling water and chilled water supplied to absorber and evaporator is
supplied after establishing of the temperature in constant temperature bath.
And refrigerant in refrigerant tank is cooled to saturated temperature
corresponded to experimental pressure by chilled water to prevent that the
pressure in evaporator be affected by refrigerant vapor pressure in refrigerant

tank.

(2) The process of performance measurement

In the process of performance measurement, first of all strong
solution in strong solution tank is sent to absorber by solution pump,
and this strong solution in the top of absorber is flowing as liquid
film by spilling on plate. In this time, we measure the solution flow

rate and the temperature of inlet and outlet of absorber. And

_23__.



refrigerant saved in refrigerant tank is evaporated in evaporator by
sending through refrigerant pump.

The evaporated refrigerant flowing down on evaporator is absorbed
to flowing down solution in absorber, and refrigerant not evaporated
is flowing again in refrigerant tank. The solution weaken by
absorption of refrigerant is saved in weak solution tank and is
measured the solution concentration by taking weak solution in
sampling valve. Cooling water and chilled water is sent to absorber
and evaporator by water pump of constant temperature bath, and
absorption solution and refrigerant is flown as counter flow. Cooling
water taken heat in absorber and chilled water lost heat in evaporator
is maintained again as setting temperature in constant temperature
bath. In this time, the flow rate of evaporator and absorber inlet is
measured separately, and the solution temperatures of inlet and outlet

of absorber and absorber plate are measured in Sparts.

(3) The process of solution generation

In the process of solution generation, first the weak solution from
weak solution tank is sent to strong solution tank (generation tank) by
weak solution pump. If all weak solution is sent to strong solution
tank, weak solution in strong solution pump is circulated by strong
solutton pump, and is heated by heater (3kW) in generator. So,
refrigerant in the heated weak solution is separated, the solution

became the strong solution, the separated refrigerant is gone to

_24_



evaporator by pressure difference and is saved to refrigerant tank as
being cooled and condensed by cooling water in evaporator.
Concentration of the strong solution is checked by taking it in
sampling valve, and solution is generated continuously to be in the
proper concentration state. strong solution made as constant
concentration is circulated in heat exchanger that is flowing cooling
water, and is saved to strong solution tank after adjusting to proper
temperature for experimental conditions. The heat transfer plate used

in this study is 392mm in width and 564mm in length as plate type.

_25_



3.3 THE METHOD OF PERFORMANCE EVALUATION
OF ABSORBER

In the absorber of absorption chiller/heater, heat transfer
phenomenon is very complex due to heat transfer accompanying mass
transfer is occurred by absorption of refrigerant vapor in contrary to
normal heat exchanger.

Absorption model is established to evalvate heat transfer property in

absorption process.
3.3.1 THE CALCULATION OF HEAT BALANCING

Fig. 3.14 shows the heat balancing of absorber and evaporator
about the system of experimental apparatus, and Fig. 3.15 shows the
brief calculation model of this heat balancing.

The next equation is composed from that LiBr mass of absorber
inlet is equal to that of absorber outlet.

(GS,O - D) Csi = Gs,o Cso (31)

Here, if this equation is arranged by a= G, /D,

Gs,o _ Cs i
4= D Csi™ Cs o (32)

Which is showing the solution circulation ratio of refrigerant vapor

per unit flow rate.

_.26_



(a) The heat balancing in absorber
First of all, the heat exchange rate Q. with cooling water is given

like as follows.

Qw = Gw pr(Tw,o - Tw,i) (33)

By the way, quantity of heat radiated in absorption solution Qs by
the difference of enthalpy in inlet and outlet of absorber can be given
like this.

Qs = (Gso - D) hsi - Gsohso
= D {(a-1) hsi - ahse} (3.4)

Here, enthalpy hs; and hs, in inlet and outlet is
he; = h(Ts; , Cs) (3.5)
hso = h(Tso 5 Cso) (3.6)
So, if latent heat quantity of absorbed water vapor is Q/, the heat
balancing in absorber is
Qw=Qr + Qs (3.7)
Here, if enthalpy of refrigerant vapor is h/, it would be

Qr = Dh/' (3.8)

(b) The heat balancing in evaporator
If the gotten heat quantity of refrigerant evaporated is supplying

heat quantity Q. and is transferred to all refrigerants, the next

_27_



equation is composed to
Qe = Qu (3.9)
Because this heat quantity in normal state become evaporation latent
heat of refrigerant vapor released to the inside of the entire absorber,

it must be

Qe = Dh/’ (3.10)

(¢) Refrigeration capacity Q.

Up to now, we considered heat balancing in absorber and
evaporator, but if we think in a view point of refrigeration capacity,
it's the point that absorber in normal state can take very well the heat
quantity from the evaporator. So, refrigeration capacity Q, is the heat
quantity Q. transferred to absorber, and it can be seen in the next
equation.

Qi = Qw - Qs (3.11)
Qn = Dh/ (3.12)

3.3.2 THE PROPERTIES OF ABSORPTION HEAT EXCHANGE
(a) Refrigeration capacity Q
In {c¢) of 3.3.1, refrigeration capacity in absorber and evaporator is

defined, but we use Q,, as refrigeration capacity to have an eye to

the performance evaluation of absorber in plate type heat exchanger.

_28_



(b) Overall heat transfer coefficient K
Overall heat transfer coefficient K of absorber is shown in the next
equation by using the received heat quantity of cooling water Q. and

heat transfer area A.

Qu

K=—3T,

(3.13)

In here, ATim is the logarithmic mean temperature difference defined
by using the inlet and outlet temperature of absorption solution and

cooling water, normally it is shown as follows.

AT = ﬂ%#l (3.14)

In( ATg)
but, AT, = Ts;i -Twe (3.15)
ATl = Ts‘o 'Tw,i (316)

But, Ts; and T, is each the equilibrium temperature about solution
concentration in inlet and outlet of absorber. Thus, if we use the
logarithmic mean temperature difference, inside temperature of
absorber has to take the ideal state of the equilibrium of air and
liquid. But, AT, in absorber is certainly not equal to the logarithmic
mean temperature difference. Because, although cooling water is
equally heated, flowing down solution is not equally cooled certainly.

So, actually we have to calculate the overall heat transfer

coefficient by logarithmic mean temperature difference of the proper

_29_



type as comparing with the temperature distribution in absorber.

(¢) Film Reynolds number Re¢
Film Reynolds number Rer is defined like equation (3.17), and flow

rate of film ["; per unit width 1s defined as given in equation (3.18)

Re== (3.17)
G
ri=+57 (3.18)

Here, Gs; is shown mass flow rate of absorption solution.

_30_
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Fig. 3.14 Heat balancing of absorber and evaporator
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Fig. 3.15 Calculation model of heat balancing
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CHAPTER 4. EXPERIMENTAL RESULTS AND
DISCUSSION

The property evaluation of absorption heat exchange in absorber is
calculated as effective experimental value, that is, data when
temperature, concentration and flow rate of each parts of experimental

apparatus have became normal state.
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4.1 ABSORPTION HEAT EXCHANGE CHARACTERISTICS
OF PLATE TYPE ABSORBER

4.1.1 The conditions of absorption experiment

The standard experimental conditions are shown in Table 4.1.

Table 4.1 Standard conditions

Pressure of Absorber P mmHg 6
Temperature of Inlet T,; (T) 48
LiBr solution Concentration of Inlet cg; (wt%) 62
Film Reynolds Number Reg 184
) Temperature of Inlet To; (C) 32
cooling water -
Flow Rate (£ /min) 15

Absorption experiment measured temperature distribution and
concentration of solution outlet in absorber by changing solution flow
rate, concentration of solution inlet and pressure P in absorber under

standard experimental conditions. Experimental conditions were shown

in Table 4.2.
Table 4.2 Experimental conditions
Pressure of Absorber P mmHg 9x0.5
Temperature of Inlet Ts; (C) 45
LiBr solution Concentration of Inlet c;i (wt%a) 60~62
Film Reynods Number Res 6.3~34.6
. Temperature of Inlet T.; (C) 12+0.5
cooling water -
Flow Rate ( { /min} 10~18
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4.1.2 The temperature distribution in absorber

The temperature distribution in plate type absorber are shown in
Fig. 4.1~Fig. 48. We could see that temperature of solution flowing
on plate absorber is suddenly decreased in the upside of plate and is
slowly reducing as flowing of solution. Because in the first time, if
solution is flown in absorber, decreasing width of temperature is
increased by large heat exchange due to big temperature difference
with cooling water and latent heat quantity of refrigerant vapor.

And as solution flow rate increases temperature decreasing width of
the first time is reduced. Because as solution flow rate increases in

constant conditions, temperature change width is reduced by big

thermal capacity.
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4.1.3 The characteristics of absorption heat exchange

Performance comparison was done using refrigeration capacity and
over all heat transfer coefficient K in each experimental conditions

about plate type absorption heat exchanger

(A) The comparison by solution flow rate

In pressure of experimental conditions, the comparison of
refrigeration capacity Q: by changing solution flow rate showed in
Fig. 4.9. Through figure, we can know that as solution flow rate
increases, in this apparatus, we can know that maximum refrigeration
capacity is 1.221kW, it's unattainable to standard design capacity IRT.

And overall heat transfer coefficient K by change of solution flow
rate showed in Fig.4.10. Through figure, we can know that as
solution flow rate increases, overall heat transfer coefficient is

increased.
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(B) The comparison by concentration

Here we are giving refrigeration capacity Q; and over all heat
transfer coefficient K by changing solution flow rate about solution
inlet concentration c¢g; =60wt% and 62wt%. Through Fig. 4.11, we
can know that refrigeration capacity Q, of c¢s;=62wt% is higher than
that of ¢s; = 60wt% by changing solution flow rate.

And through Fig. 4.12, We can know that overall heat transfer
coefficient of ¢g;=62wt% is better than it of ¢ =60wt% by

increasing solution flow rate.
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(C) The comparison by cooling water flow rate

The comparison of refrigeration capacity Q: and overall heat transfer
coefficient K by changing cooling water flow rate in experimental
conditions are showed in Fig 4.13 and Fig. 4.14.

We can know through Fig. 4.13 that as cooling water slow rate
increases, refrigeration capacity is increased. But, we can also know
through Fig. 4.14 that change of overall heat transfer coefficient by

increasing cooling water flow rate is not remarkable
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(D) The comparison with the other research results

As result in this study, overall heat transfer coefficient is compared
with different study for comparison of performance of plate type heat
exchanger.

Through the figure, overall heat transfer coefficient is a little
smaller than that produced in the horizontal tubes bundle because of
problem of plate surface in the experimental apparatus. Because the
surface is not fully wetted when small flow is flowing down, surface
cleaning of plate backside is difficult due to the difficulty of
maintenance and management of apparatus and cooling water flow
rate is not reached more than standard design value. If cooling water
flow rate is fully maintained like standard design value and plate
surface is always kept clean like the first time, overall heat transfer
coefficient will be large values more than that from the horizontal
tubes bundle type.

We need to develop the better technology for the even better
solution flow on plate surface from the tray.

The lower part of the plate which was not wetted at the beginning
was also not wetted well. We confirmed this through the experiment.
So, I think we have to develop the ability for improving the wetting

rate when solution flows at a low flow rate.
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Table 4.3 Experimental conditions on absorber from literature survey

) ) Cooling . Soluticn
Solution | Solution Cooling
Authors water ) flow rate Remarks
concent. temp. velocity
temp. (kg/ms)
This . . 6.3~ Width :392mm
60wt% 457C 32T 1.0m/s
study 34.2(Res) | Length:564mm
1 row and 5
Furukawa . i 0.013~
58wi% 40T 28T lm/s stages,
et al. 0.042
do= 19.05mim
1 row and 24
Hoffmann 0.007~
5Twts 42T 30T - stages, bare
et al. 0.045
tube
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CHAPTER 5. CONCLUSIONS

Following conclusions can be reached based on the results of heat transfer

characteristics from absorption experiment of plate absorber.

1. Temperature distribution in absorber, reveals that temperature of solution f

lowing in plate absorber is decreased suddenly in the top part of plate, and

Since temperature difference of the first solution flowing in absorber and
cooling water is very high, so reduction width is increased due to large he
at exchange.

And as solution flows for the downward, reduction width of temperature i
s diminished due to temperature difference reduction of solution and coolin
g water and latent heat quantity of refrigerant vapor.

And as solution flow rate increases, reduction width of the first temperatu
re of refrigerant vapor is decreased. As solution flow rate increases in cons
tant cooling water temperature and cooling water flow rate, temperature cha

nge due to heat exchange is decreased by large heat capacity.

2. Through the comparison by solution flow rate, we can know that refriger
ation capacity is increased by increasing the solution flow rate.
[t can be note that as solution flow rate increases, overall heat transfer co

efficient is increased.

3. From the comparison by concentration, we can know that refrigeration ca
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pacity and overall heat transfer coefficient of the high concentration of solu

tion is better than those of the low concentration of solution.

4. Through the comparison by cooling water flow rate, it is evident that ref

rigeration capacity increases when cooling water flow rate is increased.
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