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ABSTRACT

Aims:The paper presents the design, working and testing of an energy efficient improvised
incubator, a general purpose heating and cooling equipment designed to maintain a constant
temperature in the range of 5 °C to 50 °C.

Study Design:Determination of biochemical oxygen demand (BOD), requires maintaining
the water sample at 20 °C continuously for 5 days, in an incubator resulting in high cost and
extensive use of energy. Energy efficient incubators are hence the need of the industrial
world. An improvised incubator is designed by scaling down the conventional incubators and
incorporating voltage regulator, overload protection unit and UPS system for continuous
operation during power failure.

Conclusion:The testing results indicate that the developed prototype takes only 1/6" of the
time and 1/10™ of energy as compared to conventional incubators.

Place of study:The design and fabrication of the improvised incubator was conceptualized
at Department of Chemistry and Department of Electrical Engineering J.N.V University,
Jodhpur and fabrication was done at M/s Surana Scientifics, JSERPEE under the Instrument
Development Program of DST, New Delhi.

Keywords: Design of incubator, BOD, energy efficient equipment, improvised incubator,
prototype development

1. INTRODUCTION

An incubator is a general purpose heating/cooling device designed to maintain a
constant temperature usually in the temperature range of 5°C to 100°C. Incubator is a
versatile device used to grow and maintain microbiological culture, cell culture, for hatching
of the eggs of birds and reptiles; and even for neonatal care of premature babies. Incubator
is essential for determination of biochemical oxygen demand (BOD) by measuring dissolved
oxygen (DO) in a 5 day test of waters and waste water samples

In general an incubator has a compressor to reduce the temperature below ambient
and a heater to raise it to the ambient temperature. A refrigerating unit and the industrial
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grade PID controller along with a relay system is used to control the operation of the units at
the desired level which work against each other and produce a precise control of
temperature. The incubators are available in various sizes, the capacity generally ranges
from 112L to 546 L (4 cu. ft. to 193 cu. ft.) and their minimum power consumption varies
from 500 to 600 Watts.

Research work has been reported on improving the practical aspects of design of
incubator for poultry and harnessing solar energy for commercial applications [3-5].Hierro et

al. [6] have monitored a commercial incubator to quantify the gradients of temperature and
relative. humidity during ineubation process. STiEBIEMEITNRAVENEVIESKEANHEmEmEas!
FiGGEIGNSEa foESEBIGIERENGES RO MWASIEWalek Hov.e er, not mch work has
been reported on improvisation of BOD incubator except a notable study of Grey [7] on the
effects of temperature variability of incubator on BOD.

The incubators
available are generally too big to be used in research laboratory. During DO and BOD
measurement, it was felt that the commercially available incubators are huge in size and
they consume enormous amount of energy. Even for one set of experiment the device needs
continuous power supply for at least 5 days, resulting in overall high cost of BOD
determination. The aim of present study is to fabricate an energy efficient improvised
incubator which can be used in space constrained laboratories in the academic
institutions.Study compares the overall performance of developed incubator with that of
commercially available incubator in terms of overall dynamic response and energy efficiency.

2. MATERIALS AND METHODS

The improvised incubator was developed and fabricated in collaboration with M/S Surana
Scientifics, Jodhpur. The conventional BOD incubator model no. PSI, Pooja Scientific
Instruments, New Delhi was used for comparing the performance of incubator

Proposed Incubator
2.1 Incubator Design

A double walled conventional heating and cooling unit with outer body of enamel
painted mild steel (resistant to corrosion) and inner chamber is made up of AlISI 304 grade
stainless steel with adjustable perforated shelves supported on inner walls. The gap
between the walls is filled with thermal glass wool which insures maximum thermal
efficiency. The complete unit is provided with double doors. A glass inner door facilitates the
viewing of samples without disturbing the temperature inside. The outer door is made of
stainless steel for safety and is provided with lock and key for security as shown in figure
1.The block diagram of the incubator is shown in figure 2.
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77 2.2 Incubator Working



78
79
80
81
82
83
84
85

87
88
89
90
91
92
93
94
95
96
97
98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

The electrical circuit of the incubator as shown in figure 2 includes a power conditioning unit
comprising of the following subsections.
a. Voltage regulator: For maintaining a constant supply of 230 V despite input
supplyvariations.
b. Overload protection unit: For protecting the entire system against drawing excessive
current due to fault.
c. Earth leakage protection unit: For ensuring the safety of operating personnel who
may have wet hands during handling.
d. UPS system: For ensuring the continuous operation of the incubator in case of
supply disruptions due to load shedding or development of faults for upto 5 hours.
e. Thermostat unit: For sensing the ambient temperature and operating the relays for
switching on the heater/ compressor.
f. Sensor: For temperature measurement.
g. Controller Unit: PID controller for precise automatic control of temperature.
h. Contactors: For connecting/isolating the supply to the heater/compressor.
The electrical circuit operates both the heater and the refrigeration compressor to maintain
the temperature within an accuracy range of +0.5 °C. A fan is provided in incubator for
forced air circulation and the temperature is controlled by employing an industrial grade
Proportional-Integral-Derivative (PID) controller.

where,

u(t): output of controller

K,: Proportional gain, a tuning parameter

K;: Integral gain, a tuning parameter

K.: Derivative gain, a tuning parameter

e: Error = set point value- present value

t: Time or instantaneous time (the present)

1: Variable of integration; takes on values from time 0 to the present t.

2.3 Testing Procedure:

The testing of the device for performance evaluation with respect to power, energy
consumption and time required to reach the desired temperature was carriedby incorporating
Wattmeter and using a Wattmeter ( upf, 300V, 5A ) with 375 full scale divisions, an ammeter
(0-5 A) a voltmeter (0-300 V). The testing circuit has been developed to calculate the power
of incubator; the circuit diagram as shown in figure 3.
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Fig. 3 Circuit diagram for testing

where V is input voltage, in Volt i.e. 300 V, | is input current, in A i.e. 5 and cos © is power
factor i.e.; 1, where © is the design value of angle between voltage and current. The
wattmeter scale reading was noted for every one degree rise and fall in temperature of
incubator with corresponding data (time required, power and energy consumed).

with a least count of 0.1 s was used for recording the time. The temperature was measured
by using the industry standard PT 100 temperature sensor, along with digital display, with a
|ESSHEOURNGRONIEE. The energy is calculated by multiplying power by time. The time is time
taken by incubator for every degree rise and fall in temperature while heating and cooling as

shown in table 2 and table 3 respectively.

Table 2 Comparative performance of conventional and improvised incubator while
heating
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| nofm Y v v v v x| eV
Initial | 110 | O 0 0 0 0 0 0 0 0 0 0
24.0 70 148 | 148 280 | 41440 41440 45 39 139 180 7020 | 7020
25.0. |70 107 | 255 280 29960 71400 45 29 |68 180 5220 | 12240
26.0 70 98 | 353 280 27440 98840 45 27 195 180 | 4860 | 17100
27.0 70 99 | 452 280 27720 126560 | 45 28 | 123 180 5040 | 22140
28.0 70 92 | 544 280 25760 152320 | 45 29 | 152 180 5220 | 27360
29.0 70 97 | 641 280 27160 179480 | 45 25 | 177 180 | 4500 | 31860
30.0 70 82 |723 280 22960 202440 | 45 30 | 207 180 5400 | 37260
31.0 70 87 |810 280 24360 226800 | 45 29 | 236 180 5220 | 42480
32.0 70 90 | 900 280 25200 252000 | 45 25 | 261 180 | 4500 | 46980
33.0 70 93 |993 280 26040 278040 | 45 30 | 291 180 5400 | 52380
34.0 70 92 | 1085 | 280 25760 303800 | 45 28 | 319 180 5040 | 57420
35.0 70 93 | 1178 | 280 26040 329840 | 45 30 | 349 180 5400 | 62820
36.0 70 93 | 1271 | 280 26040 355880 | 45 29 | 378 180 5220 | 68040
37.0 70 98 | 1369 | 280 27440 383320 | 45 29 | 407 180 5220 | 73260
38.0 70 97 | 1466 | 280 27160 410480 | 45 26 | 433 180 | 4680 | 77940
39.0 70 99 | 1565 | 280 27720 438200 | 45 25 | 458 180 | 4500 | 82440
40.0 70 99 | 1664 | 280 27720 465920 | 45 26 | 484 180 | 4680 | 87120
Energy Ener
280 (Wh) 129.42 180 gy 24.2
Averagepower Averagepower (Wh)
Energy (kWh) 0.129 Energy (kWh) 0.024
112 Table 3 Comparative performance of conventional and improvised incubator while
145 cooling
Conventional Incubator :nmcﬁjrg;tlzfd
Tem £ D £
co | 3 £ 22 |3 2 £
s, 1225 | a_ | %3 2, ETs |&_|%s_
S Ez5E|35 22 | 52 S|EzSE|dT 282 5328
V= X=VII | XI=X*
| ] 1] | *4 V=IV*¥Il | VI Vil | VIl | IX x4 VIl Xl
Initial | O 0 0 0 0 0 0 0 0 0 0
22.0 70 393 | 393 280 | 110040 | 110040 |75 |26 |26 300 7800 7800
21.0 70 116 | 509 280 | 32480 142520 |75 |13 |39 300 3900 11700
20.0 60 103 | 612 240 | 24720 167240 |75 |13 |52 300 3900 15600
19.0 60 106 | 718 240 | 25440 192680 |75 |15 |67 300 | 4500 20100
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18.0 60 114 | 832 240 | 27360 220040 |75 17 | 84 300 5100 25200
17.0 60 121 | 953 240 | 29040 249080 | 70 11 | 95 280 3080 28280
16.0 60 128 | 1081 | 240 | 30720 279800 | 70 14 109 280 3920 32200
15.0 60 142 | 1223 | 240 | 34080 313880 | 70 14 123 280 3920 36120
14.0 60 148 | 1371 | 240 | 35520 349400 | 70 14 137 280 3920 40040
13.0 60 145 | 1516 | 240 | 34800 384200 | 70 13 150 280 3640 43680
12.0 60 173 | 1689 | 240 | 41520 425720 | 70 14 164 280 3920 47600
11.0 60 186 | 1875 | 240 | 44640 470360 | 70 13 177 280 3640 51240
10.0 60 211 | 2086 | 240 | 50640 521000 | 70 15 192 280 4200 55440
9.0 60 224 | 2310 | 240 | 53760 574760 | 70 16 208 280 4480 59920
8.0 65 237 | 2547 | 260 | 61620 636380 | 70 14 | 222 280 3920 63840
7.0 65 278 | 2825 | 260 | 72280 708660 | 70 17 239 280 4760 68600
6.0 65 087 | 2912 | 260 | 22620 731280 | 70 18 257 280 5040 73640
5.0 70 216 | 3128 | 280 | 60480 791760 | 25 36 293 100 3600 77240
Ener Ener
Avg Power 250 (Wh)gy 219.93 Avg Power 261 (Wh)gy 21.46
Energy (kWh) 0.22 Energy (kWh) 0.021

The comparative performance of conventional incubator with that of improvised incubator
with respect to time and energy while heating and cooling are shown in figure 4(a, b) and
figure 5(a, b) respectively.
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Figure 4-a: Performance of improvised incubator with respect to time required while

heating in comparison to conventional incubator
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Figure 5-a Performance of improvised incubator with respect to time required while
cooling in comparison to conventional incubator
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Figure 5-b Performance of improvised incubator with respect to energy required while
cooling in comparison to conventional incubator
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3. RESULTS ANDIDISCUSSION

Table 4 summarizes the comparative results of the conventional incubator with the
improvised incubators. It can be seen from table 4 that with the reduction in dimensions in
the improvised incubator there has been considerable reduction in the total time required for
both heating (25°C to 40°C) and cooling (22°C to 5°C) has reduced to 1/6th of that of
original. Energy consumption in both heating and cooling has reduced to 1/10th. [iSHS

Table 4.Comparison of performance of conventional incubator with
improvised incubator

Feature Conventional Incubator | Improvised Incubator
1. Performance in cooling from 22 °C to 5 °C

a. Time required 3128 s 293 s

b. Energy required 0.220 kWh 0.021 kWh
2.Performance in heating from 25 °C to 40 °C

a. Time required 1664 s 484 s

b. Energy required 0.129kWh 0.024kWh
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