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An Application of Heat Pump for Infant Incubator

Kaensup w*, Chutima S*

Abstract

The purpose of this study is to develop an infant incubator that is etficient, simple to

implement, and can be utilized especially in the rural area of Thailand. Instead of the currenl one

which employed electrical heater, an electrical operated heat pump infant incubator is designed'

The requirement of the air conditioning system to provided the room temperature lower than the

desired temperature in the incubator (30 - 38 "C) is no longer needed. An electrical operated heat

pump infant incubator using a simple four ways control valve will switch the incubator side to

become evaporator when the ambient temperature is higher than the desired temperature and, in

contrary, condenser when the ambient temperature iS lower. A large mass heat exChanger attached

to the indoor coils is desired to store energy sufficient that air temperature in the incubator would

not drop lower than 0.5 oC from the Set point between the compressor cut-out and cut-in. This

application of heat pump could provide the opportunity for over six thousand small hospitals in the

rural area of Thailand to employ the infant incubator.
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Introduction

The heat pumps were employed by

number of investigators for various applica-

tions. Zyalla et a/.1 employed heat pump in

drying and dehumidification systems and found

that a heat pump assist dryer had advantages

over the conventional system. An application

of closed loop water source heat pump was

shown to be economic for space conditioning

by Reilef. Najjar and Radhwan3 showed the

heat pump system gave better performance

than a diesel engine system using similar

operating conditions. These concepts gave a

gen€ral idea to apply heat pump syslem for

infant incubator.

The concept of incubalor using heat

energy was first introduced in China to hatch

the chicks, 120 years BC. This concept was

conceived and developed to produce infant

incubator by American inventors sjnce early

eighteen century. Rotch4 used heat energy from

fuel and a water heat exchanger for infant in_

cubators.

In Thailand, Katsings construcreo an

infant incubator using three 40 watts electric

bulbs as a heat source. Most of the infant

incubator in Thailand had electrical heater as a

heat source. Since the basic concept of this

melhod is to supply heat energy. The

necessity of lower environmental temperature

lhan the desired temperature in the incubator

chamber is essential condition.

Obiective

The major concern of thjs work js to
provide a mobile, electrical operated and easv
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to maintain infant incubator for the public

welfare in the rural area ot Thailand. The

infant incubator is required to work without

controlled surrounding.

Design Consideration
An advantage of heat pump that the

evaporator and the condenser could easily

exchanged by controlling the flow direction of

the refrigerant is considered. Incubator desired

for working in tropical climate is particularly

important since the specific incubator tempera-

ture is higher than the average ambient tem-
perature in summer and, in contrast, lower in

winter. Table 1 gives the typical incubator tem_

perature for infants based on weight and age8.

Table 1. Specific infant physiotogy data at
50-70% retative humidiW

Moreover, the economic operating cost

is convinced by the high coeffjcient of perfor_

mance (COP) of the heat pump.

Apparatus

A lull scale prototype was designed, con_

structed and tested to ensure the suitability for

this certain purposed. The infant incuoator con_

sisls of a clear acrylic incubator chamber of

llteight
(grsrns)

Ago of Infsnt
(da!€)

less than 1000 <10 >10 >21 >35

1000-1500 <10 >10 >28

1500-2000 >2 >21

2000-2500 <2

2500-3500 <2

Incubalor
remperature CC)

35 u 33 32

114



't1:m:trflinnr:urinJr;u{1 ri

0.16 ms and a heat pump system placed on

the mobile frame beneath the chamber. Fresh

air and oxygen required (0.57 mt/min; for

infant were supplied through the air inlet holes

located at the left hand side of the model. The

return air was mixed with fresh air and

directed through the stack of leak proof indoor

coils. This supplied air with desired tempera-

ture is then passed into the chamber.

The designed heat pump system

applied the principle of vapor cycle to control

the temperature inside the chamber. A 670

Btu/hr reciprocating compressor was used to

circulate R-12 retrigerant in the system. An

electrical four ways control valve is utilized to

regulate the flow direction of refrigerant. The

direction is depend on the relative temperature

between ambient and desired chamber tem-

peralure. Two sets of flow regulated device

are provided to make it possible for the system

to work as heat pump or refrigerator. Heat is

removed or supplied to the system at the

indoor and outdoor coils. The required fresh

air and the returned air flow through the indoor

coils and supplied to the chamber by a cross

f low blower. A fan is also provided at the

outdoor coils to increase heat conducted.

To reduce temperature fluctualion while

the compressor is not working, a large mass

heat exchanger, made from aluminum, is

attached to the indoor coils. The propose of

these aluminum fins is to keep consistent

temperature in the incubator wilh in the limit of

+ 0.5 "C from the set point between the

fli so qriufr 2 rqrnln! 2s4o

compressor cut-out and cut-in.

Function

Figure 1 shows the schematic diagrams

of cooling and heating process of a heat pump

infant incubator, respectively. The cooling

orocess is activated when the ambient tem-

perature is higher than the desired tempera-

ture. Since the lowered temperature is needed,

heat rs taken from supplied air at the indoor

coils (evaporator) to vaporize the refrigerant.

The vapor is directed from port 2 to port 4 at

the control valve and return to lhe accumula-

tor. The relrigerant in vapor state is discharged

from the compressor and directed from port

1 to port 3 at the control valve. Heat is

removed from the system at the outdoor coils

(condenser). The refrigerant condensed to liquid

state and flow through the flow regulated

device (B) to reduce the pressure. Then liquid

refrigerant is supplied to the indoor coils to

complete the working cycle.

lf the ambient temperature is lower than

the desired temperature the heating process is

applied. The control valve connects the vapor

line between port 1 and port 2, and the return

liquid refrigerant between port 3 and port 4.

This made the outdoor coils become evapora-

tor and the indoor coils become condenser.

The reduction of liquid pressure in the liquid

line is done by the flow regulated device (A).

Heat is supplied to the indoor coils to increase

chamber temoerature.
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A

Cleor Plostic Cover

Flguro 1. Schematic diagrams ot infant incubator tor cooling (A) and heating (B) process

Experimental Procedure

The temperature distribution in the incu_

bator chamber is determined using thermisters.

Twenty two calibrated thermisters having the

resistant of 30 Ke at 25 oC are located at 25

mm above the base plate of the chamber. The

location of the thermisters and the measurino

point are shown in Figure 2.

Two sets of examinaton were conducted

for the cooling process at the ambient lem_
perature of 36 "C with the set point at 31 "C

Vol.30, No.2 May tsg?

B

Cover

Fro{ Regutoting

tt I' Devic€rienT nar

and 33 "C. The time respond of the system,

the time required from start-up until the tem_

perature in the incubator reach the desired tem_

perature, were determined. The achieved set
point temperature was justified from the tem_
peralure of return air at measuring point.

For the heating proc€ss the ambient

temperature is provided at 29 "C. The time

respond for thre€ desired set points at 31, 33

and 35 oC were investigated.

Access Ponel

A

B
__n_nv --

Access Ponel

o-,-,r"t,/'| ') B
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FlguE 2. Top vi6w of intant incubator chamber show location ot thermistors and measuring point

Results

{

Figure 3 shows the temperature distri-

bution on the base plate of the incubator cham-

ber. The fluctuation of temperature distribution

on row 1,2 and 3 are observed while on row

4 the temoerature is more consistent. These

are probably due to the configuration of the

chamber used. However, the fluctuation of tem-

Derature distribution in the chamber are ac-

ceotable since the allowable limit of t 0.5 'C

from the set point were not exceeded.

Temperature (oC)

33.4

32.8

32.6

32.4
1,000200 400 600 800

Distance from left hand side (mm)

Flgu]€ 3. Typical temperature distribution in tho chamber at set point 33 "C and ambient tempe€ture at 30 .c
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Figure 4. shows temperature in the
chamber versus time from the start-up for
cooling process having ambient temperature

40

The set point times for hsating process

are delermined from Figure 5. The set point

temperature at 31 , 33 and OS 
oC with the am_

bient temperature at 29 oC were 1b, 35 and 65

minutes, respectively. The set point times for

cooling and heating process demonstrated the

Temperature ("C)

40

Vol.go, No.2 May log?

at 36 "C. The respond time were 30 and 50
minutes for ths set point temperature at 33
and 31 oC, respectively.

Temperature (oC)

set pt. 3l C set pt. 33 C

-- -.O.-

.6.-o..o'o 'o_' t _o'-o-.". 
-o. o -.u. -o

38

36

34

JZ

30

28
120804020 60

Time (min)
100

same tendency that the closer the set point to

the ambient lemperature the shorter the

respond time. However, these respond times

wer€ not linearly dependent on the difference

between the ambient temperature and the set

point.

Flgure 4. Temperatur. in the chamber vsrsus tim6 in cooring process at 96 "c ambisnt temperature

38

36

34

52

30

28

set pt. 3l C set pt. 33 C set pt. 35 C

v zu 40 60 80 100 120
Time (min)

Flgur€ 5. Tomperature in the chamber versus time in heating process al 29 "C ambient temperature
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Though not mention in the procedure

above, the relative humidities in the chamber

were also measured for both cooling and heating

processes. lt was found that, for all the mea-

suremenl undertaken, the relative humidities

were in the range of 50-70%.

Conclusion

This work confirmed the potential of

applying heat pump for infant incubator. The

functions of the designed infanl incubator were

satisfied. Some modification are also needed

prior to the production. For example, the noise

and vibration from the compressor should be

lowered and the refrigerant used should be

changed to make it more environmental friendly.
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