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ABSTRACT

Heat transfer by convection is strongly influenced by the geometric shapes of heat
exchangers and three dimensionless number, the Reynolds number, Nusselt number and
Prandtl number with the environmental conditions of the surrounding air. Any
environmental influences cause actual results and theoretical conditions differ. This is one
of the problems at the plant in the production process results, especially the heat exchanger
type of chiller. In this paper aims to determine the impact of the ammonia production
process of the influence of changing environmental conditions and to apply the concept of
heat and mass transfer in the Chiller as knowledge development models ammonia optimum
production equipment in the ammonia. In this study, measurements were performed during
the morning, afternoon, evening, and night on normal weather and rain by using thermo-
anemometer and thermo-hygrometer. The results showed an increase in heat during heavy
rains and decrease the heat when the normal environmental conditions. With the highest
increase in the heat on the morning of 14 July 2015 where the air temperature was recorded
at 26.3 °C, the speed of 6.79 m/ s, the air flow rate of 19 688 Watt heat and mass flow rate
of the ammonia evaporates increased 49.797 kg / h to with 50.368 kg / h. Mass flow rate
that evaporates due to the heat transfer air is not decreased by more than 1% despite the
chiller effectiveness decreased from 90.422% to 61.259% due to boundary conditions
which allowed fouling factor.
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1. INTRODUCTION

The energy crisis is an issue in recent years. Different
solutions and alternatives have been offered by experts,
in the form of of energy development tools, the use of
alternative energy, or the energy conservation. The
problem will not be resolved if the people, government
and industry use energy inefficiently. One concept for
improve the efficiency of the thermal system is to
analyze the condition of the environment in apparatus
which means analyzing energy in total dimensions of
the device itself.

In Indonesia, climate change becomes worthy of
analysis, changes in environmental conditions over
time can make the temperature and velocity of air in
the environment is different, it is an important
consideration in determining the strategy in the field of
industry sectors where the incidence of weather
changes affect production industries, especially the

energy sector. If seen the impact of the predicted
climate elements especially rainfall very calculated. In
the end it will make the heat duty was different so there
must be a control that occur as a function of the quality
of the company's production directorate. In the
purification plant in the sector is the sector that has the
greatest energy costs primarily as a means of producing
ammonia chiller, but because the chiller is in the
classification of the synthesis loop chiller also includes
refrigeration sector and serves as a heater ammonia as
raw material for the manufacture of urea. The analysis
result is closer to the actual outcome is the result of
calculations involving geometry-geometry air chiller
and environmental conditions than just the zero-
dimensional thermodynamic calculations, and it is also
very helpful menjalalankan targeted optimization of
plant processes in energy saving measures in producing
ammonia and urea.
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The purpose of this research was to determine the
effects of ammonia production process of the influence
differences in environmental conditions and to apply
concepts the heat transfer and mass Chiller as a
development model that optimum ammonia production
apparatus at the ammonia plant.

2. METODOLOGY

This research was conducted by using a thermo-
anemometer to measure the temperature and air
velocity around the shell of the chiller. Retrieval
of data measurements taken 4 times a day do in
the morning, noon, afternoon, and evening.

The flow chart of thist research 1s folow
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Figure 1. Flowchart of Research

Measurement Temperature and Air Speed aims to
obtain data values environment condition such as
temperature and air velocity value.

Figure 2. Termo-Anemometer

Figure 3. Termo-Hygrometer
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Measurement of the temperature value is the
average value of each corner taken accompanied
by the use of two tools to measure the temperature
of which thermo-anemometer and thermo-
hygroanemometer, while the measurement using
only air keceparan thermo-anemometer.

3. RESULT AND DISCUSSION

On the results of analysis, geometry calculations
through consideration of shell and tube chiller
when clean the heat transfer coefficient values
obtained air and heat flow rate of air.

Table 5. The results of calculation of heat flow
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Table 7. The results of calculation of heat flow
rate of air around at week -3
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Table 8. The results of calculation of heat flow
rate of air around at week -4
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the rate of heat flow that vary each time it can
result in mass flow rate calculation analysis of
ammonia as a working fluid is evaporated
additional shell.

Table 9. mass flow rate calculation results of

the additional ammonia evaporated by week -
1
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Table 10. mass flow rate calculation results of
the additional ammonia evaporated by week -

2
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Table 11. mass flow rate calculation results of

the additional ammonia evaporated by week -
3

Targgal waktu T,0cC] T mys) hfwmEE]  macfigham) g [Kgfami)
15m15 08.13 284 Rak  RSMMISEY O A0E151379  BO40s2512
11.32 35.1 0.38 Logs7a4%  TASRIEIOE T ARTOSAITR
0213 3%;1 0.7 3138935117  11.22B40A5 11 50151562
07.02 8.6 .38 6.877364637 13, 4816306 33 36139971
L&-ME-15  DE.11 1E3 673 15769591062 50,36B4563 43, ToT4450E
1.1 .6 .43 L190HI7AH B1601%04 B 155585268
16.5% kA 0BT 78540112 116701379 1164030501
19.23 a1 17 3, 3TE2BA0X  IEATINM0S 1815520204
15813 0802 5.8 obd 1ET12TE08 50530400 45 5046301
1157 35,3 0,65 2 B4TII973H I0,BBTEIZE 1085443773
16.23 34 L.4% 10, 55296865 37, 2BHIT3E 3698505537
1B05 291 L1 SEXO6AIN  J022FREET 0, 13544096

© JMSE 2016

Table 12. mass flow rate calculation results of
the additional ammonia evaporated by week -
4
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The interaction of environmental conditions on
the surface shell on the chiller is characterized by
the distribution of the heat transfer coefficient of
the surrounding air. In the measurement results
obtained ambient air temperature and air velocity
varied thus obtained is also the result of heat
transfer coefficient different air. There is also the
heat transfer coefficient was varied measured on 2
July to 24 July 2015 lowest to highest values
obtained ranged from 1.965 W/m2.K up to 16.975
W/m2.K. At the lowest heat transfer coefficient
obtained on July 13, 2015 at 11:45 pm, with the
measurement temperature of 35.1 °C and speed of
036 m / s, then the highest heat transfer
coefficients obtained on July 9, 2015 hrs with a
temperature of 23.4 °C and the average air speed
7,60 m/s.

The temperature difference is its condition occurs
heat transfer, fluid temperatures known ammonia
in the shell turned out to be lower than the
temperature in the environment yan, a result of it,
the air will release the heat to the surface of the
wall of the shell on the chiller. By knowing the
value of the coefficient of heat transfer, and
analyzing the convection and conduction
equation, it can determine the calorific value of
ammonia adsorbed fluid on the shell side. Any
changes in environmental conditions that
constantly will make the value of heat flow rate
will change with the value of heat transfer
coefficient of air. The greater the heat transfer
coefficient, it will cause the flow rate of heat that
moves will be even greater. Chiller 3A-119C has
a state of the process according to the design of
clean and dirty fouling factor permissible limits,
the longer the unknown value of ammonia transfer
coefficient will decrease due to the growing
resistance values caused fouling resistance values.
Therefore, the change will affect an estimated
calorific value decreases. The coefficient of heat
transfer of ammonia in a clean state is 3315.5 W/
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m2.K and the coefficient of heat transfer time
limit fouling factor is 957.9 W/ m2.K. Having
taken into account as a result turns the air calorific
value changes decreased only very few such
examples dated July 2, beginning at the time of
tube chiller heat clean is 3369.103 W/m2.K and
dirty is 3363.103 W/m2.K, this shows the
influence of heat air remained stable even though
the value of the effectiveness of the chiller is
decreased when reaching fakor fouling the heat
transfer between the synthesis gas and ammonia.
The measurement results are varied during the
study showed differences in temperatures ranging
from 23.4 °C to 36.1 °C with each day, the
difference in temperature in the morning,
afternoon, evening, and night does not ensure that
the highest calorific value of flow rate during the
day or at the highest temperature. Results
recorded the highest value of the rate of heat more
dominant accompanied by ambient air velocity
average high. On 09 July 2015 the measured value
of the lowest temperature at night (23.4 °C) and
highest during the day (36.1 °C), but in the
evening the air velocity is higher with very heavy
rain so that the flow rate of heat turns worth
20798.408 W and this is the highest value
measured during the study. In contrast to the flow
rate of the heat during the day (36.1 °C) only
3305.22 W, it was because at that time the average
speed measured ambient air is very low at about
0.43 m/s.

In a state of normal weather without rain, the
result of the heat is highest at night because of the
value of a high speed to make the numeric value
reynolds greatly increased even though the air
temperature measured is low, as shown in the
graph the value of the flow rate of calorific lowest
to highest starting from the morning, afternoon,
evening, and night. But things can change if the
state of the wind in a state of calm where the wind
does not have air motion that is felt in the field or
in other words a very low wind speeds below 0.3
m/s.

Hasi Leaju AfrKaler Udarz

Figure4. heat flow rate of air
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Figure 5. ammonia gas mass flow rate

The influence of air environment will provide
additional heat to the shell surface area, thus the
ammonia fluid as the fluid side of the shell will absorb
heat from the surrounding air. The variation of
temperature and air velocity will also Causes
evaporated mass flow rate to be volatile due to the
result of heat flow rate is not constant. From the
analysis of the calculation of the value of the additional
mass flow rate of air evaporated by the heat is in the
range of 7.49 kg / h to 53.2 kg / hour. The amount of
the evaporated mass flow rate is proportional to the
calorific value obtained in which the value of A
amounted to 1407.22 kJ / kg.

The influence of the amount of the mass flow rate of
ammonia is produced from synthesis gas are assumed
to be influenced by environmental conditions
surrounding air because of the tube in the location
dimension are inside the shell and dissipates heat to the
fluid ammonia shell, there is no influence only on the
condition chiller that relies on heat transfer coefficient
overalls and big actual fouling factor. When viewed
from the effectiveness of the chiller itself that there is
a decrease in the effectiveness of state net 55.46% to
23.43% at the limit permitted fouling factor and must
be cleaned. In contrast to see the results of heat from
the air in two states that assuming without fouling
inside and outside surface of the shell, the heat received
by ammonia is not decreased by more than 1% as
shown in Table 4:22 therefore the influence of ambient
air is maintained to the decline efektifias of chiller that
own.

Perbandingam laju alir kslor udara peda minggu ke-1

Figure 6. Comparison of heat flow rate of
clean and dirty at week -1
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Figure 7. Comparison of heat flow rate of
clean and dirty at week -2
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Figure 8. Comparison of heat flow rate of
clean and dirty at week -3
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Figure 9. Comparison of heat flow rate of
clean and dirty at week -4
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Figure 10. Comparison of the mass flow
rate of the additional ammonia evaporated by
week -1
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Figure 11. Comparison of the mass flow
rate of the additional ammonia evaporated by
week -2
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Figure 12. Comparison of the mass flow
rate of the additional ammonia evaporated by
week -3
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Figure 13. Comparison of the mass flow
rate of the additional ammonia evaporated by
week -4

4. CONCLUSION

1. The coefficient of heat transfer of air greatly
affect the value of air velocity will change the
value of the Reynolds number than the
ambient temperature environment.

2. The calorific value of air flow rate and the
mass flow rate of ammonia that evaporates
high in chiller 3A-119C obtained from the
rain and the current environmental conditions
at night.

3. The rate of mass is evaporated due to the heat
transfer air is not decreased by more than 1%
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despite the effectiveness chiller decreased
from 90.422% to 61.259% due to boundary
conditions fouling factors shell and tube are
allowed.
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