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ABSTRACT

In this work, a vertical pulsating heat pipe heat exchanger (PHPHE) was designed for waste
heat recovery, exchanging thermal energy between two air streams in a counterflow
configuration. The heat exchanger consists of six rows, each row consists of one pulsating
heat pipe (PHP), and each PHP has six turns. The working fluid used in the heat pipe was
acetone with fill ratios of 50%, 60%, and 70%. The effect of evaporator inlet temperature at
40, 45, and 50°C and air velocity at 0.5, 0.7, and 0.9 m/s on the pulsating heat pipes consisting
of three sections- evaporator, condenser, and adiabatic, whose dimensions were 25 x 25 x
10 cm, was studied. At the same time, the condenser temperature was maintained at 26°C.
The system’s thermal resistance, effectiveness, and heat transfer were calculated using
Engineering Equation Solver (EES) software. Results showed that the device's efficiency
ranged from approximately 15% to 32%. The device performed better at a 50% fill ratio
compared to other ratios, achieving high efficiency at low speeds.

Keywords: Pulsating heat pipe, Waste heat recovery, Acetone, Heat exchanger.

1. INTRODUCTION

In the present day, the efficient recovery of waste heat during energy production and
conversion has garnered significant attention. Accelerating global energy consumption has
led to significant environmental and economic issues. Heat recovery stands out as a vital
strategy for improving energy conversion efficiency and economic impacts (Omar et al.,
2019; Saghafifar et al., 2019). During industrial activities, heat is continuously produced
and released into the environment as waste. Waste heat is typically divided into three
categories: low-temperature (below 120°C), medium-temperature (120 °C to 650 °C), and
high-temperature (above 650°C) (Yang et al., 2020). The release of waste heat leads to
energy waste and adds to heat pollution; thus, waste heat recovery is required to enhance
energy conservation and lessen heat pollution. Traditionally. Over the last several decades,
heat pipes have been extensively used as a typical essential passive device with high thermal
conductivity, and heat pipes have been widely used for cooling electronic equipment such as
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laptop computers and smartphones and recovering waste heat through heat pipe heat
exchangers (Chaudhry et al., 2012; Yang et al,, 2017). Among numerous heat recovery
systems, the heat pipe heat exchanger has recently gained popularity owing to its
advantages, including a simple structure, no cross-contamination between fresh and exhaust
air, high heat transfer efficacy, minimal pressure loss, and lower power consumption.
Wickless heat pipe, Wick heat pipe, and thermosiphon(loop) heat pipe are the three most
prevalent heat exchangers utilising heat pipes in HVAC systems (Vakiloroaya etal., 2014).
Note that pulsating heat pipe (PHP) is a prospective new member of the heat pipe family that
is also gaining popularity for heat recovery applications (Wang et al., 2016).

Unlike the standard heat pipe with a wick structure within (Famouri et al., 2014), PHP is
always a closed-looped/open-looped serpentine-style wickless capillary tube that is
evacuated and partially occupied by the working fluid. (Akachi, 1993) Launched the closed-
loop pulsating heat pipe (CLPHP) globally in 1993. When the PHP is heated in one part (the
evaporator) and cools down in another part (the condenser), the vapour-liquid plugs train’s
unique oscillatory mass and heat transfer, fueled by the saturation pressure difference
between the evaporator and condenser, enables effective heat exchange between the two.
Under unique conditions, the PHP, characterized by the interval unbalanced pressure
oscillation and the sufficiently small scale of the meandering capillary, can, in specific
circumstances, work successfully anti-gravity operation (for example, when heated from the
top and cooled from the bottom)(Riehl and dos Santos, 2012). This distinctive capability
garners significant attention towards its applications in heat recovery from the top to the
bottom. Since the year 2000, numerous studies on PHPS have been conducted to determine
the impact of different elements on the effective initiation of the pulsing movement of the
working fluid and the PHPS thermal performance. (Tseng et al., 2018). Transparent PHPS
were also subjected to experiments to view the fluid flow and better explain their thermal
performance (Tseng et al., 2014; Youn and Kim, 2012). According to published results,
the working fluid’s inner diameter and thermophysical characteristics must match the
requirements for the capillary tube’s working fluid when it is partly filled to separate into
liquid slugs and vapour plugs sequentially after filling, enabling the pulsating movement to
begin (Chien et al., 2012).

According to the criterion, the bond number of the pulsating heat pipe, expressed as
DV(gAp/o), must be maintained within the range of 0.7 to 1.8. The PHP’s inner diameter and
the fluid’s density differential between its liquid and vapour phases, surface tension, and
gravity acceleration are represented by D, p, g and o, respectively. According to
experimental results, a Bond number of 3.39 to 4 corresponds to the maximum diameter
limit for an operable, terrestrial-based PHP (Taft et al., 2012). With cautious Bond number
of 3.39, the maximum diameter may be estimated using Eq. 1 put numbers for the equations

o

D = 1.84 1
max 9(P1—pv) (1)

Similarly, it has been discovered that a minimum diameter is required to sustain the slug
plug flow necessary for a PHP to function properly. The minimal operating diameter is
generally equivalent to a Bond number of 0.36 to 0.49 . Using a cautionary Bond number of
0.49, the minimum diameter may be computed using the equation.

g
Dppin = 0.7 /g o (2)

In this connection, several prior studies have been conducted to investigate the impacts of
operating inclination on the thermal performance of the PHP. In fact, by adjusting the PHP’s
operation inclination angle, the impact of gravity on its operation may be characterized.
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In general, while surface tension is considered higher than gravity within PHP, gravity is
nevertheless shown to be important for PHP's thermal performance. The majority of
published studies within the inclination angle range of 0-90° (from horizontal to vertical)
denote that a PHP with a 90° inclination is vertically top-cooled and bottom-heated.
Outperforms the other inclinations (Liu et al., 2013). According to these investigations,
without the help of gravity, the heat transmission capability of a PHP during horizontal
operation is significantly reduced and even lost. However, additional studies show that a
PHP may work well in a horizontal or anti-gravity posture (Kearney et al., 2016). The
meandering twists distinguish the capillary tube from other types of heat pipes. It is a
component designed to be a U-shaped tube and linked to adjacent parallel tubes. The
“meandering turn number” refers to the total number of meandering turns. The meandering
bends are located in both the evaporator and the condenser sections. The number of
meandering turns corresponds to the boiling points in the evaporator section. However, as
the number of meandering turns increases, so does the CLPHP’s heat transmission rate.
However, a reasonable number of meandering turns may be predicted using the empirical
correlation established in the previous work (Kammuang-Lue et al., 2018). Alongside
research examining how the number of meandering turns influences the thermal
performance of the CLPHP, additional studies have investigated how various other factors
impact thermal performance, leading to the following conclusion: Effects of evaporator
section lengths(Wang et al., 2015; Zhan et al., 2023), condenser length (Kim and Kim,
2018), adiabatic section length (Kammuang-lue et al.,, 2022), internal diameters
(Bhramara, 2018; Cheng and Wong, 2024), working fluids (Borkar and Pachghare,
2015; Nekrashevych and Nikolayev, 2019), filling ratios (Patel and Kumar, 2022;
Rudresha et al., 2023), working orientations (Nekrashevych and Nikolayev, 2019), and
heat inputs (Xu et al., 2022). In addition, experimental investigations of heat transfer
mechanisms (Jo et al., 2019). (Shi et al., 2024) The impact of evaporating-condensing
length ratio and heat flux on the beginning and operating characteristics of a pulsating heat
pipe was investigated. A crucial number is essential to ensure that the PHP works
independently of gravity when determining the number of rotations. There are no definite
standards in the literature for the optimal number of rotations. Increasing the number of
turns improves PHP performance, as does increasing the evaporator heat supply area
(Bastakoti et al., 2018). Furthermore, the PHP performs better as channel density
increases (Winkler et al., 2020). An increasing number of PHP turns was found to improve
device performance (Karthikeyan et al., 2013), but it may simultaneously decrease the
number of applications, as integrating them into a consolidated system becomes more
difficult and can result in a loss of compression, as noted by (Mameli et al., 2012). One of
the researchers conducted an experimental study on a spring-loaded heat pipe heat
exchanger to save energy in summer air conditioning systems. The working fluid used was
R134a at a filling rate of 50% (Yang et al., 2019).

This research will investigate the thermal efficiency of a pulsating heat pipe heat exchanger
(PHPHE) that will be utilized for heat recovery from air to air, employing acetone as the
working fluid. It will specifically analyze the impacts of varying filling ratios (50%, 60%, and
70%) and different air velocities (0.5, 0.7, and 0.9 m/s) on the system’s thermal effectiveness
and resistance. To accurately represent the realistic conditions faced by air conditioning
systems in Iraq, hot air will be introduced to the evaporator at temperatures of 40, 45, and
50 degrees Celsius, reflecting typical and sometimes extreme summer temperatures across
many Iraqi regions. The condenser will receive air at 26 degrees Celsius, the usual
temperature at which air conditioning units are set in buildings. Selecting these values will
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help to achieve initial cooling of the hot air before it enters the air conditioning system,
thereby reducing the thermal load on the air conditioner and enhancing heat recovery
efficiency. The PHP will be configured to function vertically, with bottom heating and a
condenser cooled by a cooling coil system. The study intends to determine the best
combination of operational parameters that will improve heat transfer efficiency, lower
thermal resistance, and enhance overall energy recovery performance.

2. THERMAL ANALYSIS EQUATIONS

According to the experimental configuration, the following equations may be used to
determine the heat energy transferred between the airflow and the pulsating heat pipe
(PHP) in both hot and cold air ducts:

Qc = m; X Cp,c (Tc,out - Tc,in) w) (3)
Qp = my X Cp,h (Th,in - Te,out)(w) (4)
Where

Q¢ ,Q, Heat transfer to cold and hot air (W)
m,, m;, The cold and hot air mass flow rate (kg/s)

Cpc » Cpn The specific heat of both cold and hot air will be measured at a constant pressure

(/kgC).

Assuming sealed, insulated duct walls, the values from Eq. 3 and Eq. 4 should match for
energy equilibrium between hot and cold airflow. Mass flow rates m_ and m,, at the inlet and
outlet must be equal to satisfy mass balancing. The precision of our calculations is shown by
using the average of Q. and @y, to find the heat transfer rate between the airflow and the heat
exchanger. In an ideal system, Q,would equal Q.; however, in reality, especially in pulsating
heat pipes, achieving this balance is difficult due to heat losses and measurement errors.
Even with fiberglass insulation, small discrepancies occurred, leading me to use the Qavg
ratio for a more accurate thermal representation.

Quvg. = L% (w) (5)

After measuring Q4. the dimensionless efficacy of the heat exchanger containing a PHP may
be determined using the equation below:

Effectiveness = -2 (6)

max

Where: Qmax is the highest potential heat transfer rate (W), which is calculated as the
product of the temperature differential between hot and cold air and the air’'s minimum heat
capacity rate, Cmin.

Qmax = Cmin X (Tein - Tcin) (W) (7)

The Cmin equals either whatever is lower: the thermal capacity rate of cold air, or the
thermal capacity rate of hot air, Cp,.
Egs. (6) and (7) represent Ch and Cc, respectively.
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Cr = miy X Cpp () (8)
Cc = m, X C ,C (OC]_S) 9)

Additionally, the thermal resistance of the PHP, denoted as R, is defined in the following
manner to compare its performance with published data in the literature:

1 1
_ Z(Tel +Te2+Te3+Tes) —Z(Tcl +Tc2+Tea+Tca)

R=

(C°/wW) (10)

Qavg.

Where T,q,T,;, To3and, T, represent the evaporating and condensing regions’ respective
surface temperatures.

3. EXPERIMENTAL WORK
3.1. Description of Experimental Setup

This study identifies the optimum experimental setup designed to assess the thermal
performance of the PHPHE in air-to-air applications. The experimental setup includes a heat
exchanger and equipment, as shown in Fig.1.
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Figurel. a)The experimantal device , b) The schematic diagram device
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It features two air channels linked to variable-speed centrifugal fans (FL] Inflatable
dedicated fan), regulated by variacs, alongside a 2500W finned heater, illustrated in Fig. 2.
This heater serves as a hot air source, controlled by a 3 KVA Variac with the PHPHE. The
experiment operates with reverse airflow, and the device is insulated with 4 cm of fiberglass
to prevent heat loss. The closed-loop PHP consists of copper tubes, with evaporator,
condenser, and adiabatic sections measuring 20 cm by 20 cm by 10 cm, respectively, and an
inner diameter of 2.1 mm and outer diameter of 4 mm. The configuration includes six rows,
each with one PHP containing six progressively arranged turns, as shown in Fig. 3. The
adiabatic section is separated from the evaporator and condenser by two insulated plates.
Iron skewers enhance the surface area along the evaporator and condenser. The PHPHE
specifications are in Table 1, and they contain acetone at concentrations of 50%, 60%, and
70%. Fluid characteristics are in Table 2. The PHP features two valves for fluid charging and
discharging and utilizes a type K thermocouple (+1%). Five thermocouples are placed at the
evaporator inlet and outlet and at the condenser outlet, as shown in Fig. 1b.

The average temperature was recorded using one thermocouple at the condenser inlet and
eight in the pulsed heat pipes. Four thermocouples were in the second and four in the fourth
pulsed heat pipe, with two in the condenser and two in the evaporator regions of each pipe.

Figure 2. finned heater with a capacity of

Figure 3. PHP arrangement
(2500W)

Table 1. Specifications of the PHPHE

Length x Condenser | Evaporator | Adiabatic Inside Outside | No.of | No.of
width x section section section diameter | diameter | terms | rows
height (cm) | length(cm) | length(cm) | length(cm) (mm) (mm)
30x20x60 20 20 10 21 4 6 6
Table 2. Physical Properties of Acetone by using the EES program
T Psar kg kg | Coi | Cpy ( kg ) ( kg ) Ah (ﬂ)
O | ®pa) | PG PG| iy |y | P Gs) [ Gns) | ik | 7\
kg.k kg.k x107° x107° x107*
30 38.06 779 | 09031 | 2.156 | 1.419 294.6 7633 529.1 2208
40 56.53 | 767.7 | 1.309 | 2.182 | 1.473 270.7 7901 518.7 2084
50 81.61 | 756.1 | 1.848 | 2.211 | 1.53 249.8 8171 508.1 196
60 1149 | 744.3 | 2.552 | 2.242 | 1.59 231.2 8444 497.2 1838
70 158.2 | 732.2 | 3.455 | 2.275 | 1.653 214.4 8719 485.8 1716

196



file:///C:/Users/ALMWSHOOR/Downloads/Nooralimoayad1.docx%23Figure2
file:///C:/Users/ALMWSHOOR/Downloads/Nooralimoayad1.docx%23Figure3
file:///C:/Users/ALMWSHOOR/Downloads/Nooralimoayad1.docx%23Figure1b

N. A. Moayad and W. S. Sarsam Journal of Engineering, 2025, 31(9)

Table 3. Design parameters of the PHP.

Design parameter Numerical value
Internal diameter 2.1mm
External diameter 4mm
Number of turns 6

Length 780 mm

3.2 Experimental Procedure

1-Before Charging the working fluid, the PHP was evacuated by using a vacuum pump linked
to the filling valve until the internal pressure was reduced to -30psi. Upon reaching this
pressure, the valves are sealed, and the requisite proportion of the necessary liquid is
dispensed.

2-The evaporator temperature is controlled using a heater coupled to a 3-kVA AC variable
voltage transformer (VARIAC). This research considers three evaporator temperatures:
40, 45, and 50 degrees.

3-The condenser temperature is regulated at 26 degrees using a cooling system that
includes a cooling coil with a diameter of 1/4 inch connected to a water pump placed in
a water basin.

4-A 1-kVA AC VARIAC controlled the speed of each centrifugal fan, allowing the air velocity
in the evaporator and condenser ducts to be adjusted to 0.5, 0.7, and 0.9 m/s. The air
velocity was equal in both ducts during all test runs.

5-The temperature-measuring device monitors the temperatures entering the condenser
and evaporator. After the PHP system has stabilized, readings are obtained and used for
the required computations. The procedure is reiterated at various temperatures and
velocities.

6- The tubes are evacuated by an evacuator to remove the liquid and eliminate
contaminants.

The same procedure is repeated for all cases. The PHPHE was initially subjected to a leak
test to confirm its proper functioning before connection, ensuring the absence of leaks. This
is accomplished by applying the bubble method, a solution of detergent and water to all
coils and rows of the tubes, followed by directing high-pressure dry air using a compressor
into each tube.

4. RESULTS AND DISCUSSION

A study was conducted to investigate the factors affecting the performance of an acetone-
charged heat exchanger. Various parameters were examined, including the hot air input
temperature (40, 45, and 50°C), the filling ratio (50, 60, and 70%), and the air velocity (0.5,
0.7, and 0.9 m/s). The air velocity in the evaporator and condenser zones remained equal.

Qavg was calculated using Eq. 3, which relies on Qe and Qc as they are almost identical. The
difference between them is due to heat losses across the walls of the air ducts. Since the
system is not ideal, there is always heat loss across the walls. Heat loss depends on the
airflow velocity and the evaporator temperature. As shown in Fig. 4, the heat transfer rate
increases linearly with increasing evaporator temperature. Higher temperatures enhance
heat transfer in the heat system between the inlet air temperature and the pulsating heat
pipes’ heat exchangers at the evaporator and condenser sections, according to Eq.3 and Eq.4.
From the Fig. 4, It can be noted that at a low velocity (0.5 m/s), a decrease in air speed
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reduces the heat transfer coefficient and the rate of heat transmission between the heat
exchanger surface and the air, the temperature difference between the inlets and outlets of
the evaporator and condenser is reduced.

FR=60%
450 V=0.5 V=0.7 V=0.9
400
Z 350
3 300
250
200
38 43 48
Tevap.in(co)
FR=50%
. 500
g
~400
=
300
200
38 43 48
Tevap.in(co)
FR=70%
400 V=0.5 V=0.7 V=0.9
350
g
%300
d
250
200
38 43 48
Tevap.in(co)

Figure 4. Average of transfer of heat rate to a heat exchanger’s condenser and
evaporator containing a PHP charged with acetone versus the hot air inlet
temperature with FR = 50%, 60 %, and 70%

Fig. 5 The temperature differential between the evaporator and condenser air decreases
with increasing air flow velocity, reducing the effective mass flow rate and resulting in a
lower heat exchanger efficiency and a lower difference between the inlet air temperature
and the heat pipe temperature. Therefore, efficiency is optimal at a flow velocity of 0.5,
where the fluid is exposed to heat for a more extended period, resulting in increased heat
dissipation. This enhances system efficiency and facilitates better heat transfer. This is
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because the amount of heat transferred, Qactual, rises with higher speed, while the
maximum heat, Qmax, rises faster, resulting in decreased efficiency at elevated speeds.
Efficiency depends on the efficiency of heat absorption and dissipation. As the evaporator
temperature increases, the system's ability to maintain thermal equilibrium decreases,
leading to accelerated evaporation, which reduces the complexity of the heat exchange
process. This can be understood through the rise in heat transfer; however, the actual
increase in heat transfer is minimal when juxtaposed with the maximum possible
temperature, since Qmax is significantly larger than Quctyai-

FR=50%
0.35 —0—V=0.5 V=0.7 ——V=0.9
% 03
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8025 A\A\A
i3
2 02
4]
0.15
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035 —0—V=0.5 V=0.7 —A—V=0.9
< 03
w
=)
2 0.25
g
e 0.2
[S4]
0.15
38 43 48
Tc,in(ce)
FR=70%
0.31 —0—V=0.5 V=0.7 —&—V=0.9
—~ 027
2 0.23
(=)
(]
2 0.9
(&}
2
= 0.15
38
Te,in(co)

Figure 5. Effectiveness of a heat exchanger containing a PHP charged with acetone
versus the hot air

We note that in Fig. 6, at a 50% fill ratio, efficiency is higher than at other ratios and the

device’s efficiency ranges from approximately 15% to 32. At 70%, efficiency decreases due

to liquid pooling and the poor capillary properties of the tubes. Increasing the liquid fill ratio

resulted in a decrease in efficiency. This is due to the increased thermal resistance between

the evaporator and condenser sections as the liquid depth increases. The decrease in
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efficiency with increasing temperature may be due to the use of two different materials:
copper for the heat pipes and iron sheets placed along the evaporator and condenser to
increase the surface area, as the two materials differ. It may also be due to the evaporator
being the same length as the condenser. It lacks sufficient heat transfer area to achieve a
higher heat transfer rate, resulting in increased thermal resistance and, at the same time,
increased heat transfer, consequently decreasing effectiveness.
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<~ 03 o
@
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£ 0.2
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g \o\o
£023
©
2 0.19
[S4]
0.15
38 43 48
Te,in (OC)
Figure 6. Effectiveness of a heat exchanger containing a PHP charged with acetone versus
the hot air

Fig. 7 Shows that as the inlet temperature of the evaporator increases, thermal resistance
increases because of the increase in the Temperature gradient and overall temperature
(Tein — T¢in) with increased heat transfer, but this increase in the temperature gradient is
less than the overall temperature. When the velocity increases to 0.9, according to the
thermal resistance relation in equation 9, there was an improvement in thermal resistance.
This is due to increased convection heat transfer, resulting in a higher overall heat transfer
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rate. Meanwhile, the temperature difference between the evaporator and condenser
surfaces stayed nearly the same or increased slightly.

V=05 VP _A v-09

0.035 o o o
0.033
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~0.023
0.019
38 43 48

Te,in(oc)
Figure 7. Thermal resistance of a heat exchanger containing a PHP charged with acetone
versus the hot air inlet temperature with FR = 50%, 60% and 70%

Fig. 6 and Fig. 8. Heat resistance is larger at FR = 70% than at FR = 50% and 60%. This
suggests that a high filling ratio may decrease heat transfer efficiency due to a reduction in
the effective area for heat exchange and better fluid collection inside the tubes, resulting in
increased resistance. At FR = 50%, thermal resistance is reduced, implying that this ratio
may provide the optimal balance of fluid availability and effective heat transmission. We see
that heat resistance increases with increasing filling ratio, with resistance being lower at FR
= 50% and more excellent at FR = 70%. This suggests that a high filling ratio reduces the
effective evaporation rate, increasing resistance. At high FR = 70%. Increasing fluid volume
decreases the effective surface for heat transmission, slowing evaporation and improving
thermal resistance. Fluid collection may form inside the tubes, impeding effective heat
transfer.
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To compare these findings with earlier research, (Babu et al., 2018) studied fill ratios
ranging from 50% to 90% using acetone and discovered that the best thermal performance
occurred at a 60% fill ratio, where they recorded the lowest thermal resistance. The
differences between the outcomes of these studies and the current research can be
attributed to variations in operating conditions and design aspects, namely:

The installation angle set at 90° vertical in this study.
The application of three distinct air velocities (0.5, 0.7, and 0.9 m/s).
A different cooling mechanism for the condenser.
Multiple Pulsed Heat Pipes were utilized.

A study by (Babu and Reddy, 2016) revealed that acetone, methanol, and ethanol at filling
ratios of 10% to 70% outperformed acetone at a 50% filling ratio, which is consistent with
the current research findings. In this context, three air velocities were tested: 0.5, 0.7, and
0.9 m/s, with the study indicating that the highest thermal efficiency was reached at 0.5 m/s.
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These findings regarding the effect of air velocity correlate with (Yang et al., 2020), which
indicated that 0.5 m/s yielded the highest efficiency.

In summary, the current study determined that the optimal conditions for thermal
performance using acetone as the working fluid involved a 50% fill ratio. Conversely, 0.5
m/s was identified as most favorable for achieving peak thermal efficiency.

5. CONCLUSIONS

This study involved fabricating and testing heat exchangers utilizing pulsating heat pipes

filled with acetone at 50%, 60%, and 70% ratios. The focus was on assessing both the

effectiveness of the heat exchangers and the thermal resistance of the PHP, particularly at
evaporator temperatures 40, 45, and 50 °C and airflow velocities 0.5, 0.7 and 0.9 m/s. Cold
and hot air streams pass through the heat exchanger in a counter-flow configuration.

The findings indicate that:

1. The optimum filling ratio depends on the balance of fluid volume and heat exchange area.
Results show that FR = 50% provides the lowest thermal resistance and best thermal
efficiency, and the device’s efficiency ranges from approximately 15% to 32%.

2. The thermal resistance increased with the increase in the inlet air temperature and was
highest at low velocities and high filling ratios. On the contrary, at a 50% filling ratio and
a velocity of 0.9 m/s, the lowest thermal resistance was observed, indicating improved
heat transfer under these conditions. Effectiveness was found to decrease with increasing
air velocity, with low velocities, such as 0.5 m/s, showing the highest heat transfer
efficiency. So 0.5 is better because it provides better effectiveness.

3. Increasing the inlet temperature of the evaporator increases the heat transfer and reduces
the efficiency. This is because the actual heat transfer increases slightly compared to the
maximum heat transfer. The resistance increases due to the increase in the temperature
gradient and the total temperature (T_ein - T_cin) with the increase in heat transfer, but
this increase in the temperature gradient is less than the total temperature.

NOMENCLATURE
Symbol | Description Symbol | Description
Q Heat transfer (W) R Thermal resistance(C°/W)
Tein Inlet evaporator temperature, °C Tein Inlet condenser temperature, °C
Te out outlet evaporator temperature, °C Teout outlet condenser temperature, °C
m- Mass flow rate Pt Saturation pressure
P1 Liquid density (%) Pv Vipour density (%)
K Dynamics viscosity of liquid Cp) Specific heat capacity of liquid(%jk)
Hv Dynamics viscosity of liquid Cpv Specific heat capacity of liquid(%jk)
h4 Latent heat(kj/kg) o Surface tenseion(N/m)
Avg. average Min. minimum
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