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A simulation model was developed to evaluate the absorption mechanism properties along a refrigeration cycle. The prototype

was experimentally characterized and experimental data were used to validate the simulation model. Temperature and pressure
values were computed with an error lower than 20% and mass value with an error lower than 50%.

In addition, simulated data was generated to several room temperatures and power supplies to study their influence over the
cooling power and efficiency values. The maximum values for efficiency and cooling power is obtained to air temperature and
power supply equal to 27oC and 80W, respectively.

Some issues were found and solutions are suggested so that this project can be carried on.
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1.INTRODUCTION

The need of refrigeration is common to many geograph-
ical areas, including isolated areas where electricity is not
available. In these locations, solar or biomass energy can
be a solution, but can also have constraints related to their
irregular availability. Therefore, the usage of adsorption or
absorption refrigeration systems associated with thermally
insulated boxes can be a viable option.

1.1.Intermittent absorption systems and prototype
configuration

A cycle of absorption is composed by four phases: gen-
eration, condensation, absorption and evaporation.

The prototype under study, developed in collabora-
tion with the non-governmental organization Scientist in
the World (SiW), has a double function each of which
one with a double purpose. The first plays the role
of generator/absorber and the second the role of con-
denser/evaporator. The chambers are linked by a tube
that allows the vapor circulation and helps in the machine
manipulation. The two phases of the prototype’s refriger-
ation cycle are represented in 1.

(a) Generation and condensa-
tion.

(b) Absorption and evapora-
tion.

Figure 1: Absorption cycle used at prototype.

In the first phase, the generator is heated from the bot-
tom driving out the refrigerant and raising the system pres-
sure. At the second vessel, the vapor condenses releasing
energy.

In the second phase, the absorber is cooled until it
reaches the room temperature. The internal pressure de-
creases as the refrigerant is absorbed. At the evaporator,
the liquid evaporates removing heat thus producing the
desired refrigeration.

2.PROTOTYPE INSTRUMENTATION

The instrumentation used is comprised by 1 pressure
probe DanfossMBS − 33 − 2411 − 1AB08060G3013, 6
temperature probes (3 PT100 and 3 Thermocouples) and
an electric circuit developed to record the heater turn on
time. The data were recorded every second by a datalogger
and sent to a computer for future analysis. The probes
were calibrated according the expressions in table I.

Probe Treal(
oC) Place of measure

PT100 1 - Mixture 1

PT100 2 −0, 212 + 0, 997T (oC) Condenser cooling water

PT100 3 0, 053 + 0, 999T (oC) Cooled medium

Thermoc. 1 1, 364 + 0, 982T (oC) Condenser/evaporator wall

Thermoc. 2 1, 648 + 0, 981T (oC) Generator/absorber wall

Thermoc. 3 1, 682 + 0, 982T (oC) Heater top

Table I: Probes calibration.

3.SIMULATION MODEL

Since the cycle is comprised by 2 phases, the developed
program was also divided in two pieces of code.

The model is composed of 9 regions (3 regions of mixture
and 6 metal walls) and three heat transfer types: convec-
tion, conduction and radiation.
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When the program is run sequentially, taking the final
results of teh first phase as input data for the second one,
a complete refrigeration cycle can be simulated. The pro-
gramming language available at the program Engineering
Equation Solver (EES), allowing sequential programming
and numerical equations solving, was used for the code
development.

3.1.Simulation zones and heat transfers

The model is represented in figure 2 and the functions
describing the heat transfer can be found in table II.

Figure 2: Simulation regions and heat transfer at phase
1: 1-Mixture at liquid phase; 2-Mixture at vapor phase; 3-
Condensate; 4- Condenser’s bottom; 5- Condenser’s wall;
6-Generator’s wall; 7- Generator’s bottom; 8-Condenser’s
top; 9- Generator’s top

Heat Equation

q3,a q3,a = h3,aA4(T2 − T3)δt

q4,a q4,a = q3,a −m3cp3(T3|i+1 − T3|i)δt
q4,b q4,b = h4,bA4(T4 − T∞5)δt

q5,a q5,a = h5,aA5(T2 − T5)δt

q5,b q5,b = h5,bA5(T5 − T∞5)δt

q6,a q6,a = h6,a
z6,a
z6
A6(T1 − T6)δt

q6,b q6,b = h6,bA6(T6 − T∞6)δt+A6ε6(T 4
6 − T 4

∞6)δt

q6,c q6,c = h6,c(1− z6,a
z6

)A6(T1 − T6)δt

q7,a q7,a = h7,aA7(T7 − T1)

q7,b q7,b = (Pplacaγ −mplacacplaca(Tplaca|i+1 − Tplaca|i))ζδt
q8,a q8,a = h8,aA8(T2 − T8)δt

q8,b q8,b = h8,bA8(T8 − T∞5)δt

q9,a q9,a = h9,aA9(T1 − T9)δt

q9,b q9,b = h9,bA9(T9 − T∞6|i)δt+A9ε9(T 4
9 − T 4

∞6)δt

qcond
5,a qcond

5,a =
Req,5,a

T4−T5
δt

qcond
5,b qcond

5,b =
Req,5,b

T5−T8
δt

qcond
6,a qcond

6,a =
Req,6,a

T6−T7
δt

qcond
6,b qcond

6,b =
Req,6,b

T9−T6
δt

Table II: Heat transfer of phase 1

Figure 3: Simulation regions and heat transfer at phase w:
1-Mixture at liquid phase; 2-Mixture at vapor phase; 3-
Condensate; 4- Evaporator’s wall; 5- Evaporator’s wall; 6-
Absorber’s bottom; 7- Absorber’s bottom; 8-Evaporator’s
top; 9- Absorber’s top

The second phase is characterized by other phenomena.
Consequently, the heat transfer functions were redefined
and are illustrated at figure 3 and describing in table III.

Heat Equation

q4,a q4,a = h4,aA4(T4 − T3)δt

q4,b q4,b = h4,bA4(T∞5 − T4)δt+A4ε4(T 4
4 − T 4

∞5)δt

q5,a q5,a = h5,aA5
L5,c

L5
(T5 − T3)δt

q5,b q5,b = h5,bA5(T∞5 − T5)δt+A5ε5(T 4
5 − T 4

∞5)δt

q5,c q5,c = h5,cA5

(
1− L5,c

L5

)
(T3 − T5)δt

q6,a q6a = h6,aA6(T1 − T6)δt

q6,b q6,b = h6,bA6(T6 − T∞6)δt+A6ε6(T 4
6 − T 4

∞6)δt

q6,c q6,c = h6,cA6(T2 − T6)δt

q7,a q7,a = h7,aA7(T7 − T1)δt

q7,b q7,b = 0

q8,a q8,a = h8,aA8(T3 − T8)δt

q8,b q8,b = h8,bA8(T∞5 − T8)δt+A8ε8(T 4
∞5
− T 4

8 )δt

q9,a q9,a = h9,aA9(T1 − T9)δt

q9,b q9,b = h9,bA9(T9 − T∞6)δt+A9ε9(T 4
9 − T 4

∞6)δt

qcond
5,a qcond

5,a =
Req,5,a

T4−T5
δt

qcond
5,b qcond

5,b =
Req,5,b

T5−T8
δt

qcond
6,a qcond

6,a =
Req,6,a

T6−T7
δt

qcond
6,b qcond

6b =
Req,6,b

T9−T6
δt

Table III: Heat transfer of phase 2

3.2.1.EQUATIONS OF BALANCE AND CALCULUS
CONDITIONS

The model was developed making some simplifications,
the main being to assume the prototype as an isobaric
volume and that no temperature gradients existed between
the external and the internal surfaces of a wall.
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3.2.1.Phase 1 - Generation and condensation

3.2.1.A.Volume 1 and 2

The properties evolution of the volume 1 and 2 are cal-
culated simultaneously.

The cycles’s first phase was modeled, assuming a satured
mixture at the generator with temperature T1, pressure P
and concentration x1. Volume 2 is assumed as an ammonia
gas with average temperature T2 and pressure P .

The new equilibrium conditions were evaluated solving
numerically the system composed by equations (37), (38),
(39) and (40).

q7,a − q6,a = δm1(hv − hl) + (m1 − δm1)cp(T1|i+1 − T1|i)
(37)

δm1 = m1
x1|i − x1|i+1

1− x1|i+1
(38)

v2|i+1 =
V olume2

m2|i + δm1 − δm3
(39)

T2|i+1 =
T1|i+1 + T5|i

2
(40)

At equation (37), an energy balance for the mixture 1 is
made. This equation is used to calculate the new temper-
ature of mixture, T1|i+1.

Equation (38) calculates the evaporated mass, δm1, in
order for the mixture to achieve a new concentration x1|i+1

At equation equation (39), the new value of specific vol-
ume is calculated, v2|i+1.

The temperature of the gas 2 was calculated using equa-
tion (40), where the gas temperature is assumed to vary
linearly along the tube with temperature at extremes equal
to T1|i+1 and T5|i. T2|i+1 is calculated as the average be-
tween the extreme’s temperatures.

The system is composed by more two equations than
variables, then was added two extra equations. As new
equations were used routines NH3H2O of the program
EES. In the routines was assumed the new temperatures
T1|i+1 and pressure P |i+1 and a gas with temperature
T2|i+1, pressure P |i+1 and concentration x2 = 1. The nu-
merical solution of these routines with previous equations
allows to calculate the new mixtures 1 and 2 conditions.

3.2.1.B.Volume 3, 4 e 5

The iterative conditions to these volumes were computed
solving sequentially the equations (41), (42), (43), (44),
(45) and (46).

T ∗2 |i+1 =
T1|i+1 + 9T5|i

10
(41)

δm3 =
q3a + q5a

(hv − hl) + cp2(T ∗2 |i+1 − Tsat|P=P |i+1)
(42)

T3|i+1 = (T6|i + Tsat|P=P |i+1)/2 (43)

m3|i+1 = m3|i + δm3 (44)

T4|i+1 = T4|i +
q4a − q4b

m4c4
(45)

T5|i+1 = T5|i +
q5a − q5b

m5c5
(46)

Equation (41) computes the temperature of the gas en-
tering at the condenser. This is the temperature used to
calculate the condensation rate in equation (42).

Equations (43) and (44) calculate the condensed mass
that will join the existent mass at the condenser and its new
temperature, respectively. The temperature value only has
physical meaning after the first condensation time.

Temperatures of the walls 4 and 5 are calculated at equa-
tions (45) and (46), respectively. Sometimes these temper-
atures rise above the temperature of the gas that conden-
sates on it, which is physically impossible. A new calculus
routine was added to solve this, in it, the system composed
by the last equations is numerically solved, assuming the
walls temperatures as equal to the gas saturation temper-
ature.

3.2.1.C.Volume 6, 7, 8 e 9

The evolution of the volumes 6,7,8 and 9 is obtained
solving the equations (47), (48), (49) and (50), making an
energy balance to each wall.

T6|i+1 = T6|i +
q6a − q6b + q6c + qcond6a − qcond6b

m6c6
(47)

T7|i+1 = T7|i +
q7b − q7a − qcond6a

m7c7
(48)

T8|i+1 = T8|i +
q8a − q8b − qcond5b

m8c8
(49)

T9|i+1 = T9|i +
q9a − q9b + qcond6b

m9c9
(50)

3.2.2.Phase 2 - Absorption and evaporation

During the second phase, no energy is supplied to the
generator. Its temperature decreases and it begins to ab-
sorb gas. At the evaporator the condensed mass evaporates
creating the desired refrigeration.
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3.2.2.A.Volume 1 and 2

The evolution of the volumes 1 and 2 was calculated
using the same calculus routine, which consists in numeri-
cally solving the system composed by equations (51), (52),
(53) and (54).

− q6a + q7a = δm1(hv−hl)− (m1 + δm1)cp1(T1|i+1−T1|i)
(51)

δm1 = m1
x1|i+1 − x1|i

1− x1|i+1
(52)

v2|i+1 =
V olume2

m2|i − δm1 + δm3
(53)

T2|i+1 = (T3|i + T1|i)/2 (54)

Equation (51) calculates the energy balance of mixture
1. This expression is employed to calculate the value of
temperature T1|i+1.

Equation (52) is used to calculate the absorbed mass by
the mixture, so it achieves the new concentration x1|i+1.

The specific volume and the temperature of the equilib-
rium state of the gas 2 are calculated at equations (53) and
(54), respectively.

There are two more equations than variables, two extra
equations with the information to the state of mixture 1
and gas 2 were added, using the NH3H20 EES calculus
routine.

The model developed did not converge with experimen-
tal data. The main problem seems to be related with the
pressure values that did not decrease as excepted, making
it looks like, there is a problem with the absorbed mass
evaluation.

The mixture 1 mass was calculated for several experi-
mental cases, presented in figure 4. As seen, the calculated
mass is much higher than the total mass inside the proto-
type (represented in the graph by the black line).
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Figure 4: Mixture 1 mass at absorber. The black line
represents the total mass inside the prototype.

The main reason for incorrect calculation of mass 1 relies
in the assumption that the mixture is saturated.

As such, the model was changed and instead of a satu-
rated mixture, a sub-cooled mixture was considered.

The difficulty was to calculate the value of sub-
cooling,∆T . The first followed approach was to assume
the subcooling as a constant value, but the simulated val-
ues did not converge. It was necessary to calculate a value
of ∆T that would vary with time, but, more important,
that would change from case to case.

At graph 4, most curves seem to have a linear behav-
ior. The curves were compared with experimental data
from the evaporator and the final of evaporation seems to
coincide with the most of the curves.

The value of the maximum time was measured and re-
lated with the initial condensed mass, their relation being
represented in graph 5a.the result is an expression to cal-
culate the time of evaporation using the initial value of the
condensed mass.

The same way, it was assumed that in the final of evap-
oration all the mass was absorbed by mixture 1 with a
concentration x1 = 0, 4615± 0, 0015. Assuming this, there
is a saturation temperature for these concentration and ex-
perimental pressure that can be calculated. The maximum
value of ∆T can be calculated with equation (55).

∆Tmax = Tsat − Texp (55)

∆Tmax calculus was repeated for all experimental cases.
The results are represented in figure 5a, where one can
see a linear relation between the values of ∆Tmax and the
initial condensed mass.

t = 14 567.40 + 1055.89 mcond
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(a) Relation between condensed
mass and time of maximum.
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(b) Relation between condensed
mass and value of ∆T .

Figure 5: Relations of sub-cooling.

Now we have the initial and final points of the sub-
cooling curve. At the initial point, the mixture is saturated
then the value of ∆T is equal to zero. The final point co-
ordinates are given by equations (56) and (57). The next
problem was to know how the values of ∆T evolve be-
tween the curve ends. Three cases were evaluated (linear,
quadratic and logarithmic evolutions) and the data from
these simulations were compared with experimental data.
The linear evolution fits better and it was decided to use
it, an in equation (58).

tmax = 14567, 4 + 1055890, 0m3[1] (56)

∆Tmax = 12, 73 + 196, 16m3[1] (57)
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∆T =
Tmax
tmax

t (58)

3.2.2.B.Volume 3

In volume 3, the existence of a mixture of NH3/H2O
with concentration x3 was considered. The energy and
mass conservation equations (59), (60), (61) and (62) were
solved to evaluate the new properties.

q4a + q5c = δm3(hv − hl) + (m3 − δm3)cp3(T3|i+1 − T3|i)
(59)

δm3 = m3
x3|i − x3|i+1

1− x3|i+1
(60)

v2|i+1 =
V olume2

m2|i − δm1 + δm3
(61)

T2|i+1 = (T1|i + T3|i)/2 (62)

At equation (59) is used to make an energy balance to
mixture 3. This equation is used to calculate the value of
temperature T3|i+1.

Equation (60) calculates the evaporated mass of mixture
3 when it reaches new concentration x3|i+1.

At equations (61) and (62) the specific volume and tem-
perature of the equilibrium state of gas 2 are calculated,
respectively.

As for calculus of volume 1, there are less 2 equations
than variables. The two extra equations used to calculate
the mixture properties are given by routine NH3H2O.

3.2.2.C.Volumes 4, 5, 6, 7, 8 and 9

The evaluation of the temperatures of walls 4, 5, 6, 7, 8
and 9 of prototype is calculated using equations (63), (64),
(65), (66), (67) and (68), respectively.

T4|i+1 = T4|i +
−q4a + q4b + qcond5a

m4c4
(63)

T5|i+1 = T5|i+
−q5a + q5b − q5c − q5cond5a + qcond5b

m5c5
(64)

T6|i+1 = T6|i +
q6a − q6b + q5c + qcond6a − qcond6b

m6c6
(65)

T7|i+1 = T7|i +
q7a − q7b − qcond6b

m7c7
(66)

T8|i+1 = T8|i +
−q8a + q8b − qcond5b

m8c8
(67)

T9|i+1 = T9|i +
q9a − q9b + qcond6b

m9c9
(68)

An energy balance is made to all walls and their average
temperatures are calculated.

4.EXPERIMENTAL RESULTS

The experimental work was composed by experimental
runs with different values of room temperature. Data were
compared with the simulation and the model was validated.

4.1.Phase 1 - Generation and condensation

Figure 6 represents the typical case data from phase 1 of
the process. The graphs show a non-continuous behavior
for temperatures and pressure that occurs due to the non-
continuous heat transfer from the electrical heater, graph
6d.

Figure 6a represents the internal pressure. The pressure
value increases along the process due to the raise of the gas
mass inside the prototype.

Figure 6b presents the temperature’s evolution at the
generator. The temperature of liquid 1 is always equal
or higher than the temperature of the generator’s wall.
The difference shows that the transfer by convection at the
generator’s bottom is more effective than the conduction
through the wall.

Figure 6c shows the evolution of the condenser’s wall
temperature and of the water that cools it. We can see the
presence of ondulation after a period with a continuous in-
crease of temperature. The occurrence of these ondulations
is caused by the occurrence of condensation. The increase
of the pressure makes the saturation temperature to raise.
Once the saturation temperature is higher than the wall
temperature, the condensation occurs with an higher re-
lease of energy to the wall. When the wall’s temperature
becomes higher than the saturation temperature, the con-
densation stops the heat transfer and the wall temperature
decrease until the condensation restarts, causing the cycle
to repeat.

Figure 6d, represents data that characterizes the electric
heater. The red points represent the voltage at thermo-
stat terminals, which allows us, to know when the electric
heater is turned on. The black points represent the heater’s
top temperature and its cyclic functioning.
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Figure 6: Experimental data of the phase 1.

It is important to study, the value of the condensed mass,
m3. The calculus of the condensed mass is given by expres-
sion 69, where V ol2 represents the gas volume inside the
prototype, mtotal is the total mass inside the prototype
that’s equal to 0, 466 ± 0, 009 Kg and mwater is the mass
of water.

m3 = mtotal − (m1 +m2) = mtotal −

(
mwater

1− x1
+
V ol2
v2

)
(69)

The error deviation obtained to expression (69) is around
9 grams, a value sometimes higher than the calculated mass
value. As a consequence, the calculated values can not be
assumed as correct and need to be experimentally vali-
dated.

An experimental method was developed, where in the
beginning of the evaporation the evaporator was immerse
in water, and the water’s recipient was put inside a thermal
insulated box. The condensed mass can be calculated mak-
ing an energy balance between the evaporator, the water
and the ammonia to determine the energy removed from
system by the ammonia evaporation. Using the equation
(70), can be calculated the ammonia mass that evaporates
in the process.

m3 =
mwater,evapcp,water(Twater,final − Twater,initial)

∆HNH3
(70)

+mmetcmet(Tmet,final−Tmet,initial)+lossesδt
∆HNH3

The term losses in equation (70) there is the term ,
refers to the energy losses through the box walls. This
value was obtained via experimental data and equation
(71), taking the value 0, 210 ± 0, 005W . To calculate this
value, cold water was put inside the thermal insulated box

and the water temperature was measured along the time
to determine the energy received from outside.

losses =
mwater,evapcp,water

δt
(71)

Using data from the experimental runs, some condensed
mass values were obtained using equations (69) and (70).
These data can be found in Figure 7.
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Figure 7: Condensed mass at end of phase 1. Compare of
two possible way to calculate the mass.

It is possible to see in the last Figure that the error of
calculus of the mass is lower than 50%, this will be used
as the error value for the condensed mass calculus. The
ranges of the experimental values used are summarized in
table IV.

Phase 1 Phase 2

Minimum Maximum Minimum Maximum

P [bar] 2, 22± 0, 02 12, 28± 0, 02 4, 36± 0, 02 12, 60± 0, 02

T1 [oC] 21, 36± 0, 02 84, 14± 0, 02 29, 69± 0, 02 83, 57± 0, 02

T5 [oC] 20, 51± 0, 13 32, 54± 0, 16 9, 29± 0, 10 32, 54± 0, 16

T6 [oC] 22, 06± 0, 11 74, 44± 0, 19 28, 62± 0, 11 74, 05± 0, 19

Table IV: Tested variables ranges.

4.2.Phase 2 - Absorption and evaporation

The data from second phase of the cycle are shown at
figure 8.
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Figure 8: Experimental data of phase 2.

Figure 8a represents the pressure that decreases along
the time, until it reaches the initial pressure.

As one can see in Figure 8b, the temperatures of the
mixture and generator’s wall decrease with time converging
to the room temperature.

Figure 8c shows the evolution of the temperatures at the
evaporator. The evaporation of mixture 3 reduces temper-
atures of the evaporator and of the air around it. When the
evaporation ends and the air inside the box is no longer re-
frigerated, its temperature increases to room temperature.

4.3.Data from simulation

The simulations of each phase were initiated using the
experimental conditions of the machine at the beginning
of each phase. The simulations were carried out until the
time of simulation was equal to the experimental time.

4.3.1.Phase 1 - Generation and condensation

Figure 9 shows the simulation and experimental data
simultaneously for a better comparison between them. In
Figure 10e, one cane find only the simulated data because
it was not possible to calculate the condensed mass along
the process.
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Figure 9: Simulated data from phase 1.

4.3.2.Phase 2 - Absorption and evaporation

The Figures of figure 12 illustrates a representative case
from the simulations that were ran.
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(c) Generator’s wall tempera-
ture.
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(d) Evaporator’s wall tempera-
ture.
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Figure 10: Simulated data from phase 2.
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4.4.METHODOLOGY USED FOR DATA
COMPARISON

Representative case of evolution of the temperatures and
pressure inside the prototype along the cycle of refrigera-
tion were previously presented here. However, it is nec-
essary to compare simulated and experimental data in a
systematic way.

The analysis was made graphically plotting the experi-
mental versus the simulated data. The deviation from the
line with expression y = x was measured.

Phases 1 and 2 were validated using the data represented
in Figures 11 and 12, respectively.

4.4.1.Phase 1 - Generation and condensation

In figure 11, the experimental and simulated data are
compared graphically. All data, from the beginning the
phase 1 until its end, is presented in the next Figures.
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ture.
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ture.
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Figure 11: Analysis of data from phase 1

For pressure, temperature of mixture 1 and generator’s
wall temperature, the maximum deviation of simulated
data from the experimental data is equal to 15%.

For the case of the condenser temperature, the maximum
deviation is equal to 10%.

The last parameter analyzed was the condensed mass at
end the first phase. The simulated mass has an maximum

deviation of 50%. It is important to verify that the error
bars of these points intersect the line y = x

4.4.2.Phase 2 - Absorption and evaporation
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(c) Generator’s wall tempera-
ture.
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Figure 12: Analysis of data from phase 2

The pressure, in Figure 12a, has a deviation lower than
15%. The simulation presents a value lower than the ex-
perimental for lower pressures and over-calculus to higher
pressures.

For the temperatures of mixture 1 and generator’s wall,
Figures 12b and 12c, the maximum deviation is 10%. In
both cases there is a under-calculus of these parameters for
lower values and a over-calculus for higher values.

The evaporator’s wall temperature, Figure 12d was sim-
ulated with a average deviation lower than 20%.

5.PROTOTYPE CHARACTERIZATION USING
THE MODEL

Since the simulation model was validated, it can be used
for characterize the prototype. The cycle was simulated to
some room temperatures and power supplies.

To begin the simulations is was necessary to define the
initial conditions of the prototype, the stopping conditions
and the room’s air and box’s air temperatures.

5.1.Methodology used and simplifications

For the characterization it was necessary to define the
methodology to follow. The temperature of the room’s air
around the generator/absorber was assumed as constant.
The initial temperature of the generator is equal to the
room temperature
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The temperature of the water that cools the condenser
was not constant. It begins with temperature T0 and after
one hour it has increased in a quadratic way until reaches
the final temperature T0 + 2, according to equation (72).
The condenser is immersed in the water, so the initial con-
denser temperature was assumed to be equal to the water
temperature.

Tagua =
2

36002
t2 + T0 (72)

In the second phase the approach was different because
since initial conditions were equal to the final conditions of
the first phase. The final conditions of first phase are then
used at the begin of the second phase for several box’s
temperatures in order understand how the box tempera-
ture influences the cycle. The air’s temperature in the box
was considered as constant along all second phase of cycle.

5.2.Cooling power and efficiency

The cooling power is calculated using equation (73),
where Qfrio is the total energy transferred from the box
to the evaporator and λgelo is the heat of fusion. It is
important to evaluate the machine’s efficiency, given by
expression (74), where Qgeracao is the energy supplied to
the generator during the generation. Either efficiency and
cooling power calculus used the same data for their calcu-
lation.

mgelo =
Qcooling
λice

(73)

ε =
Qcooling

Qgeneration
(74)

The maximum value for the cooling power, with two
daily cycles, is equal to 132,7 g of ice production at room
temperature of 27oC and a power supply of 80W. The max-
imum efficiency is obtained for the same temperature and
power supply conditions and it takes the value 11,2%.

The simulation data do not show a general modification
due to a change in power supply

The stopping temperature was another parameter,
which influence over the cycle conditions was studied. For
room temperatures under 30oC it has not a defined influ-
ence on the machine’s power behaviour. When the room
temperature is higher than 30oC there is an increase in the
cooling power and efficiency that can reach 100% if the
stopping temperature is increased from 80oC to 82,5oC.

5.3.Characteristic times of machine

The characteristic times of the machine were studied us-
ing both data from experimental and simulation runs.

The relation between the condensed mass and genera-
tion time was studied using experimental data. As can
be seen in figure 13a, there is no a relation between these
two parameters. The non-existence of a relation can be
explained by the existence of many factors that simulta-
neously influence the generation time and condensed mass
such room temperature, temperature of water that cools
the condenser and the value of power supply.

For the characteristic time of the second phase of the
process there is a relation between the evaporation time
and the initial condensed mass. As can be seen in figure
13b, the relation is given by the equation t = 14567, 4 +
1055, 89mcond.
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Figure 13: Characteristic time in function of the condensed
mass.

The generation was simulated for many room temper-
atures and power supply values. These data were used
to study the influence of room temperature at generation
time. As one can see, there are linear relations for each
air temperature and power supply. The expressions are
presented in table V.
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Figure 14: Generation time in function of the air temper-
atures.

Tmax generation[oC] Power [W] Expression

80 70 tsol = 4454, 75− 64, 29Tar

80 80 tsol = 3948, 88− 60, 68Tar

82.5 70 tsol = 4601, 02− 63, 13Tar

82.5 70 tsol = 3940, 13− 54, 24Tar

Table V: Fit expressions of the graph 14

.
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6.CONCLUSIONS AND FUTURE WORK

A simulation model was developed. It computes tem-
perature and pressure values with an error lower than 20%
and the condensed mass with an error lower than 50%.

This study, using the simulation model shows that
a maximum daily cooling power production is equal to
135, 02g of ice to a room temperature of 20oC, a final gen-
eration temperature equal to 80oC and a power supply of
70W . The maximum efficiency values is equal to 11, 2%
obtained to a room temperature of 30oC, a final genera-
tion temperature equal to 80oC and a power supply equal
to 80W .

It was not possible to see a systematic behaviour in the
evolution of efficiency and cooling power, due to a change
in a power supplied to the generator, over any of the cases
under study.

The stopping temperature has no influence over room
temperatures under 30oC. Although, for room tempera-
tures above 30oC, a change in the stopping temperature
from 80oC to 82, 5oC can cause an increase of efficiency
and ice production until 100%.

The use of the prototype and box together at the labo-
ratory doesn’t allow to maintain low temperatures inside
the box . This can be due to several reasons, such as low
power of machine or poor thermal insulation of the box.
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