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Mobile heating-cooling In conventional vehicles, about 40% of fuel energy is converted into useful power, and the rest is
chamber, directed to the environment by cooling and exhaust systems, which, in addition to energy loss, are
Vehicles, also one of the main sources of air pollution. At present, all over the world, food suppliers use
Thermosyphon, online orders for their customers to move ready-made food from the place of production, such as
Thermoelectric cooling, restaurants, to their destination while maintaining its quality. However, along this route, due to the
Waste heat recovery. long distances that cause heat loss from the food container, it creates problems for food to cool or

heat drinks in online orders. Therefore, using a thermosyphon in the exhaust gas path to recover
waste heat is one of the methods that can be used in addition to solving the problem of existing
pollution with heating applications and also for cooling applications of vehicle electricity as
chamber cooling. In this research, a mobile combined cycle (heating-cooling chamber) was used
to keep the chamber warm with the best filling percentage of 75% in all inlet capacities for 25
minutes to about 48 °C using a thermosyphon and cool the other chamber for 8 minutes. It was
designed and built up to a temperature of about 5 °C with the help of thermoelectric cooling.

Extended Abstract

1. Introduction

nterest in using heat pipe technology for heat recovery and energy savings in a wide range of engineering

applications has been increasing in recent years [1]. Gaugler first invented a lightweight heat transfer device

in 1944, which was originally a modern heat pipe. A heat pipe is a relatively simple device that can transfer
large amounts of heat at different distances without any moving parts or the need for external energy. The
advantages of the heat pipe include a rapid heat transfer rate, uniform temperature distribution in the body, low
manufacturing cost, high reliability and efficiency, very low heat loss, a very wide usable temperature range (4—
300 K), and environmental compatibility [2-4]. Khalili and Shafii compared the performance of a new heat pipe
with partially sintered wick to a fully sintered wick heat pipe. According to their results, the partially sintered wick
heat pipe exhibited better thermal performance [11]. Also, they investigated the performance of the partially
sintered wick heat pipe in the presence of various working fluids. Their results indicated that the heat pipe filled
with acetone showed lower sensitivity to filling ratio compared to the heat pipe filled with water [12]. Keshvari
Tabatabaei and colleagues studied the effect of different filling ratios of multiple working fluids on the
performance of a thermosyphon. They demonstrated that at a 70% filling ratio, methyl acetate as the working fluid
resulted in the most favorable thermosyphon performance [13]. In the present systems, it is necessary to increase
the thermal performance of the thermosiphon heat pipe to meet the increasing heat flux, realize the demand for the
smaller size, and reduce the production costs [5]. Energy demand is increasing day by day, and there are limited
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reserves of energy resources. Conventional energy sources also have many issues with carbon emissions, which
are the main cause of global warming. The thermoelectric system is quite suitable due to its properties and the
environmentally friendly behavior of renewable energy (without carbon emissions). Thermoelectric systems were
developed in the 1950s, and the use of this technology for air conditioning and refrigerator applications from the
1950s to the 1960s was explored. In recent years, thermoelectric coolers for home refrigerators and air conditioners
have been considered. Thermoelectric coolers have been developed specifically for low-cost, high-volume, and
commercial applications. Many reports can be found on the use of thermoelectric cooling as well as the use of
thermoelectric air conditioning for specific small-scale applications [15]. The refrigeration engine is a heat engine
that works in reverse. So, a heat engine takes heat from a place with a low temperature and dissipates that heat to
a place with a high temperature. For this process to occur, the machine must work. However, heat naturally only
wants to flow from places of high temperature to places of low temperature. Heat cannot flow by itself from a
place of low temperature to a place of high temperature. So, we need a tool that can do this with effort. That's how
the cooling machine works: cold air is flowed to a place with a high temperature with a given effort. VVarious types
of cooling machines include refrigerators, air conditioners, PC coolers, and heat pumps. Refrigeration is one
application of thermodynamics in which a system in a container is isolated from its environment. Refrigerators
have many uses, such as making ice, cooling foodstuffs so they don't spoil, and so on. Along with the development
of the era, the refrigerator underwent changes, from one that used to use freon for cooling to one that uses less
freon and works effectively. This means that innovation in each technology is still carried out to find more effective
and easy ways to achieve the same technology. Some of the researchers even developed a refrigerator that could
be carried anywhere. Thus, people do not have to bother bringing their large refrigerators to and fro. In addition,
the development of a refrigerator that utilizes the Peltier effect of thermoelectricity is also one of the innovations
made to make a refrigerator. Thermoelectric is one of the electronic components that is composed of a row of n
and p-type semiconductors that, when energized by DC electric current, have a hot temperature on one side and a
cold temperature on the other side [16-18].

The exhaust smoke from the car engine enters the heat exchanger through a pipe, and after heat transfer, it is
transferred to the outside environment through another pipe. In the system presented in this research, only the heat
transfer of the exhaust pipe (and not its smoke) is used inside the chamber, which is safer than the smoke flow
method in addition to using this wasted energy. Moving prepared foods and drinks from the place of production,
such as restaurants, to the destination, while maintaining their quality along this route, faces issues such as cooling
of food and heating of drinks due to its limited service area. Food and drinks that are placed in food containers
often lose their initial quality and become cold or hot after a short distance due to poor insulation and frequent
opening and closing of the container. According to these cases, it seems necessary to have a source of heat and
cold inside the chamber. For this purpose, the aim of this research was to design an efficient container for
transporting food and drinks by vehicle. In the presented system, a thermosyphon was used to receive the heat
created by the exhaust pipe of the vehicle to keep food warm, and a thermoelectric cooler was used to cool drinks.
In this research, modern technology includes thermoelectric cooling and thermosyphons. The advantages of this
technology are that it is affordable, has a hot and cold compartment without using energy or other equipment, has
the ability to switch between heating and cooling modes, and can be individually adjusted to meet other
requirements. Thermoelectric cooling has the potential to achieve a higher performance factor because it requires
a lower temperature difference between the chamber and the environment. These advantages make thermoelectric
systems very attractive for making cooling packages.

2. Methodology

Calculations have been performed to estimate the performance of a new type of thermal tube (thermosyphon)
and thermoelectric cooling used in this system. The heating chamber has six plates with measured dimensions. To
calculate the thermal load, each plate is calculated separately from this chamber, and to increase accuracy, the
researcher considered the average winter temperature in the worst conditions. The average winter temperature and
the walls were -5 °C and -47 °C, respectively, and the temperature of the film was calculated according to these
numbers. The thermal load of the chamber walls was calculated separately. The thermal load of the plates was
calculated using the following formulas: The average turbulent heat transfer coefficient is calculated as follows

[30]:

k
h = 0.036 (E) pr?43(Re®® — 9200) 1)

Where K is the coefficient of thermal conductivity and L is the wall thickness. The average heat transfer
coefficient of laminar flow displacement is calculated as follows [30]:
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h=0.332 (%) Re /2pr'/s @)

To calculate the total thermal resistance for the heating zone, an equivalent thermal circuit is proposed in Figure

Ry Rz Rs R4
T =AW\ AN AV AMN— T

Fig 1. Equivalent thermal circuit.

The internal wall temperature is T, the average ambient temperature is T, Ry is 0.4 ¢cm thick tarpaulin-
dependent thermal resistance, R; is 0.4 cm thick foam heat-dependent thermal resistance, and Rs is 0.3 cm thick
fiberglass-dependent thermal resistance. And Ry is the thermal resistance of the ambient air and is calculated as
follows:

T kA
L, is the thickness of the tarpaulin insulation, K; is the thermal conductivity, and A is the area of each plate.

R, 3

Ly

R; = K A 4)
L, is the thickness of the foam insulation, K is the thermal conductivity, and A is the area of each plate.

Ry = 3 5
3T GA ®)

L3 is the thickness of fiberglass insulation, K3 is the thermal conductivity, and A is the area of each plate. Air
thermal resistance is calculated as follows:
1 (6)
hA
Finally, the total thermal resistance is calculated as follows:

R4=

Repuy = L 424 L3y 1 @
total T} A" k,A ' ksA  hA

The amount of thermal load for each plate is calculated using the following formula:

AT
q= R (8)

The amount of total thermal load can also be calculated using the following formula:

Qrotal =41 + a2+ Gz + G4 + 45 + g6 9)

The following formula is also used to obtain the diameter of the pipe:

Q’evap = Qevap - Qisol - Qwall (13)

Equation 14, (Qevap) the rate of heat transfer applied to the evaporator by the heating system; Equation 15,

(Quan) shows the rate of heat transfer loss through the thermosyphon wall, and Equation 17, (Q;s.) Shows the rate
of heat transfer loss through the insulation. The heat transfer rate applied to the evaporator by the power supply is
calculated as follows:

Qevap =1V (14)

The rate of dissipated heat transfer from the thermosyphon wall is obtained by the following equation:
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leff
Where 14 the effective length is obtained as follows.

. Tevap — T,
Qwan = kcuAw <M) (15)

lege = 1g +0.5( +1c) (16)

The rate of dissipated heat transfer from the insulation part of the thermosyphon is calculated as follows:

Qisol = Aisol}_lisol,o (Tisol,o - Tenv) 17

Where, (1) electric current, (V) voltage, (kc,) thermal conductivity of copper, (A,,) cross-sectional area of the
wall, (Tevap) average temperature of the evaporating outer wall, (T.,,) average temperature of the condensing
outer wall, (A1) insulation area, (h;so1,) average heat transfer coefficient of insulation External, (Tiso1,) iS the
average temperature of external insulation, and (T,,) is the average temperature of the environment. The cross-
sectional area of the wall in contact with the fluid and the insulation area is calculated as follows:

X D?

- 18
) (18)

The heat transfer coefficient by natural displacement in external insulation can be estimated by the equations

(19) and (20) [30].

Ajsol = Ay =

WD - hisol,o disol,o (19)
kair
2
_ 0.387Ra /s l
NU, =406+ 575 (20)

e

Where (NU,) the average Nusselt number, (diso10) the outer insulation diameter, (ki) the air thermal
conductivity, (Rap) the Riley number, and (Pr) the Prantel number. The Riley number is obtained according to the
following equation.

_ 8Bair (Tisol,o - Tenv)‘ﬁsol,o (21)
XairVair

The parameters used in the above formulas as well as their results are listed in Tables 1 and 2, respectively.

RaD

Table 1. Properties specification [30].

Parameters Value
Dynamic viscosity (26 °C) 15.4x10°6 mTZ
Thermal conductivity (26 °C) 25.82x103 ﬁ
Prantel number 0.70
K1 0.032 =
mk
Ko 0.420 —
v{/nk
Ks 0.4 =
2
Dynamic viscosity (12 °C) 15.08x10-6 =
Thermal conductivity (12 °C) 25.58x10-3 ﬁ
Table 2. The results of theoretical calculations.
Parameters Value
Qtotar (Heating chamber) 279.62 W
Qavailable 292.02 W
Inner diameter of the pipe 32 mm
Outer diameter of the pipe 35 mm
Qtotar (Cooling chamber) 65.48 W
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3. Methods and results
3.1 Test and functional results of the thermosyphon inside the mobile heating chamber

The schematic and outline of the device are shown in Figure 4. The input heat flux value was adjusted by a voltmeter and
ammeter. Heat input increased from 50 W to 300 W. The final thermosyphon was tested in a vertical position (evaporator at
the bottom and condenser at the top). We connect the fan to the power supply and set it at 11.5 volts and 1.95 amps to blow the
wind to the heat sinks. The ambient air temperature was kept constant during the experiment.

- Fan
Thermocouples li c Heat sink
) == N} +
{1 ARN
I |
Thermocouples N H
;
L Heat pipe
' 1 .

Electrical power supply

= S
Data Electrical power supply Ammeter Voltmeter
logger

Fig 4. Connection points of thermocouples in the chamber and thermosiphon.

The test period is 25 minutes. From Figure 5, it can be seen that the temperature of the air inside the heating chamber was
measured by the thermocouple at 48 °C after 25 minutes, which is suitable for storing hot food. The other thermocouple shows
the surface temperature of the endotherm is 93.2 °C. It Gives the optimum temperature for hot food is 47 °C, so the test results
are acceptable.

150 T T T T T T T T I
Average heating chamber temperature

135 [~ Condenser temperature -1
Evaporator temperature

120 - =

105 - -1

90 ~ -1

Temperature (°C)

0 ] ] ] 1 1 ] ] ] ]

0 150 300 450 600 750 900 1050 1200 1350 1500
Time (s)

Fig 5. Temperature changes of the mean of three thermocouples inside the hot chamber and the mean temperature of the two
thermocouples of the thermosiphon

3.2 Test and functional results of thermoelectric cooling inside the mobile cooling chamber

The temperature was measured at five points in the refrigerator compartment, as shown in Figure 6. Two
thermocouples measure the temperature of the air inside the compartment, while the other thermocouple measures
the temperature of the cold heat sink surface. Outside the chamber, two other thermocouples are used to measure
the ambient temperature and the surface temperature of the hot heat sink. Apart from the measuring devices
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mentioned above, two main power supplies are used. One main power supply has an output voltage of 12 V and
an output current of 2.6 A for thermoelectric cooling, while the other two sources have the same output voltage of
12 V but an output current of 0.63 A for a hot side fan and 0.04 A for a cold side fan.

Thermocouples

L Thermo-refiigerption chamber
= JLT _’.Cold side fan
1 = = f—"l(?old side heat sink

N

= ! Thermoelactrik
™~ 1 Hot side heat sink
¥ Hot side fan

f

e

it

¥
I
Ay
o
&7

¢
I

7 |4

s, Thermocopiples [
. Y

Ammeter Voltmeter Data logger -

Electrical power supply

Fig 6. The locations of the thermocouple in the cold chamber.

According to Figure 16, the heat sink temperature of the cold side of the thermoelectric cooling unit decreases
rapidly in the first 3 minutes. It then remains steadily below -9 °C after 23 minutes. After 28 minutes, the internal
temperature of the refrigerator reaches -0.05 °C. The results show that in 8 minutes, the internal temperature of the
chamber reaches 5 °C, which is the desired temperature for the drink.

70 T T T T T T T T
Average ambient temperature inside the refrigerator]
60 = Cold thermal sink temperature 7
Environment temperature
50 Warm thermal sink temperature —
_ 4o -
o
=
e // .
E]
£
g2 20 -
g
@
=
10 \ i
0 b -
10 -
220 1 1 1 1 1 1 1 1

0 200 400 600 800 1000 1200 1400 1600 1800
Time(s)

Fig 7. Temperature changes of the heat sink on the cold and hot side of the thermoelectric cooling unit, the ambient temperature and
the average temperature of the three thermocouples inside the refrigerator with respect to time
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