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Abstract. A passive device, the heat pipe has the capacity to transfer massive volumes of heat over small cross-sectional areas
at extremely small temperature differentials heat pipes are extensively employed in many engineering applications owing
to their exceptional efficiency in heat transfer, enabling the transmission of heat over considerable distances while minimizing
temperature fluctuations. It is a heat transmission technique that is becoming more and more useful. The fundamental design
of a heat pipe consists of an empty chamber placed after a cylinder or square filled with a vaporizable working fluid.
This technique of heat transfer is used in solar water heaters, computers, solar power boards, laptops, mobile devices,
and electronic circuits. Devices that require a large volume of heat transformations and heat management greatly benefit from
the usage of heat pipes. This study investigates the influence of working fluid and pipe material on the performance of heat
pipes. The researchers developed a complete experimental configuration to examine the performance attributes of heat pipes,
encompassing thermal conductivity, heat transfer coefficient, and overall efficiency. The study examined a range of working
fluids, including water, aceton, and ethnol, as well as different pipe materials such as copper, aluminium, and brass. The fin-
dings demonstrate notable disparities in performance indicators depending on the selection of the working fluid and pipe
material. The entire heat transfer capability is significantly influenced by the thermal conductivity of the working fluid,
whereby specific fluids demonstrate higher performance compared to others. The heat transfer efficiency is significantly
influenced by the thermal conductivity and surface characteristics of the pipe material. Furthermore, the compatibility
between the working fluid and pipe material significantly influences the long-term reliability and durability of heat pipes.
Corrosion, material degradation, and phase change characteristics are critical factors that must be carefully considered when
selecting the optimal combination of working fluid and pipe material. This study provides valuable insights into the design
and optimization of heat pipes for various thermal management applications, highlighting the importance of selecting appro-
priate working fluids and pipe materials to enhance performance and reliability.
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Mamlmocmpoenue U MawiuHogeoeHue

3¢ }eKTUBHOCTH B Hepeaye TEIUIOThI TEIUIOBbIC TPYObI IMPOKO HCIOIb3YIOTCS BO MHOTHX MHKCHEPHBIX COOPYKCHHUSX, 03~
BOJISISL IEPElaBaTh TEIIOTY HA 3HAYMTENbHBIC PACCTOSHHUSA, MUHUMU3UPYS NPH 3TOM KoseGaHHUs TeMnepaTypbl. DTOT METOJ
Hepelauy TEeIIOThl CTAHOBUTCS Bee Goiiee 1 Goiiee BocTpeOOBaHHBIM. B OCHOBE KOHCTPYKIIMH JICKHUT ITyCTast KaMepa, pacIio-
JIO>KEHHAs TT0CIe IWIMHIPA WIIH KBaJpara, 3al0JHEHHOTO HCIapsIoeicss pabodel sKUIKocThlo. JJaHHBIH MeTox Teruronepe-
JIa4y MCIIOJIB3YETCs B COJIHEUHBIX BOJOHATPEBATEINX, KOMIIBIOTEPAX, COTHEUHBIX YHEProcOOpHUKAX, HOYTOyKaX, MOOMIIBHBIX
YCTPOMCTBAX M 3JEKTPOHHBIX cXeMaxX. VICIob30BaHue TEIUIOBBIX TPYO 3HAYUTENIBHO MOBBINIACT 3P (HEKTUBHOCTh YCTPOHCTB,
Tpelyromux 60X 00beMOB TemIonepeaadn 1 3pHEeKTUBHOro ympaBiieHHs TEIJIOBBIMU TIpolieccaMu. B nanHoit pabote
U3yvaeTcs BIUSHUE paboyeil )KUAKOCTH U MaTepHalla Ha XapaKTePUCTUKH TEIUIOBBIX TPYO. ABTOpPBI pa3paboTaiy IOJHOLICH-
HYIO SKCIICpPHMEHTAIBHYIO YCTAHOBKY JUISl U3Y4YEHHS XapaKTEPUCTHUK TEIUIOBBIX TPYO, BKIOYast TEIUIONPOBOXHOCTE, KO3 hH-
LUEHT TeIUIonepeaayn u o0y 3ppekTuBHOCTh. B mponecce ucciaenoBanmii ObI1 U3ydeH Pl pabOYHX KHUIKOCTEH, BKITIO-
4as BOJy, allETOH M 3TaHOJI, a TAKXKE Pa3IMYHbIC MaTepHalIbl TPYO, TaKHe KaK Me/ib, AIOMUHUH U JaTyHb. [lony4eHHsle pe-
3yJIBTAaThl JIEMOHCTPHPYIOT CYIIECTBEHHBIE pa3iH4Ms B IOKA3aTENsIX IMPOM3BOJUTEIHLHOCTH B 3aBUCHMOCTH OT BBIOOpa
paboueil >KUIKOCTH M Marepuana TpyObsl. B menmom Terromepenaromasi CiocOOHOCTh B 3HAYMTENIBHONW CTEHNEHU 3aBHCHT
OT TEIUIONPOBOAHOCTH PAabOUCH )KUIKOCTH, IIPU STOM OIPEACIICHHbIC KHIKOCTH UMEIOT OoJiee BEICOKHE TTOKA3aTelH! 110 CpaB-
HEHHMIO ¢ JpYruMu. DG (PEeKTUBHOCTD TEIUIONEpeadyd B 3HAUMTEIBHON CTENEHN 3aBUCUT OT TEILIONPOBOJHOCTH M XapaKTepH-
CTHK IIOBEPXHOCTH Martepuaia TpyOsl. Kpome Toro, coBMecTuMocTh paboueii )KUAKOCTH U MaTepuajia TpyObl CYIIECTBEHHO
BJIMSIET HA JJOJTOBPEMEHHYIO HA/ISKHOCTh M JIONTOBEYHOCTH TEILIOBEIX TpyO. Kopposwus, nerpamanust marepuana u ¢a3oBble
MIePEXO/Ibl SBIISIOTCS KPUTHYECKH BaXKHBIMH (DakTOpamu, KOTOpble HEOOXOAMMO TIIATENBHO YYHTHIBATh IIPU BBIOOpPE OITH-
MaJIbHOTO COYeTaHMs paboyel )UAKOCTU U MaTepuaia TpyObl. JJaHHOe HcciIen0BaHHe NPEIOCTABIAET LICHHYI0 HHOPMALIMIO
0 MPOEKTHPOBAHUH U ONITHMH3AIMH TEIUIOBBIX TPYO ISl pa3iM4YHbIX IPUMEHEHUH B 00J1aCTH TePMOPEryIMPOBaHUS, OAYEp-
KHBasi BAYKHOCTB BHIOOPA COOTBETCTBYIOIINX PabOUMX XKUAKOCTEH M MaTepHaoB TPyO JUIS MOBBIMICHUS IPOU3BOUTEIHHOCTH
1 HaJIC)KHOCTH.

KuroueBble cj10Ba: TEIIOBEIE TPYOBI, TETIONPOBOAHOCTE, KO3 durreHT Termnonepeaayn, oouas 3pekTHBHOCT

JUist uMTHPOBaHMS: DKCIIEPUMEHTAIILHOE HCCIIEIOBAaHKUE BIMSAHUS paboyeil )KUIKOCTH M Marepuaia TpyObl Ha XapaKTepH-
ctuku TerioBeiX Tpyo / A. C. [p106 [u np.] // Hayka u mexuuxa. 2026. T. 25, Ne 3. C. 183-192. https://doi.org/10.

21122/2227-1031-2026-25-3-183-192

1. Introduction

The heat pipe is an active mechanism that in-
duces a phase transition in the evaporator and con-
denser section when the working liquid is much
higher than the wick material and adiabatic por-
tion. A heat pipe is a sealed enclosure that facili-
tates the transmission of heat by means of a work-
ing fluid, encompassing an evaporator, adiabatic,
and condenser region, from a heat source with a
higher temperature to a heat sink with a lower
temperature. Heat is transported from the working
fluid at the evaporator area to the container of the
evaporator chamber. At the condenser portion, it is
released into nature, and the adiabatic passage does
not move any heat. The evaporator, wick, and con-
denser are the three primary components of the
heat pipe assembly [1]. The utilization of the wor-
king fluid is crucial for the efficient transfer of
energy, facilitating the transmission of heat from
the heat source to the condenser or cooling compo-
nent, as well as enabling the distribution of power
within the stream with little heat hindrance [2].
To grow and become exceptional, one must grasp
the trend point. The wick's structure relates to the
narrow property method for determining weights
that, to the greatest extent practical, affect the
activity instrument of the heat channel and joined
capacity, such as entrainment, bubbling, and sonic,
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if they occur during the activity cycle. Managing heat
has emerged as a critical difficulty in generating
many breakthroughs [3]. Modern design always de-
mands that strong components be small and light,
from space sections to control devices. This leads
to high heat transitions and significant challenges.
Heat pipes form a crucial component in several
thermal management systems across a wide range
of industries, from aerospace and electronics to
energy and HVAC systems. These passive heat
transfer devices offer outstanding efficiency in dis-
persing heat from hot regions to heat sinks or other
cooling surfaces, making them indispensable in
situations where thermal management is crucial.
The performance of heat pipes, however, is go-
verned by several elements, among which the
choice of working fluid and pipe material stands
out as crucial [4]. The working fluid within a heat
pipe acts as the medium for heat transmission,
undergoing phase transition processes to effecti-
vely transmit thermal energy. Different working
fluids exhibit distinct thermophysical properties,
including thermal conductivity, latent heat of va-
porization, and viscosity, which directly effect
the heat transfer characteristics of the heat pipe.
Additionally, the selection of pipe material is equal-
ly critical, as it affects not only the structural integri-
ty but also the thermal conductivity and compati-
bility with the working fluid. The relationship
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between working fluid and pipe material in deter-
mining the performance of heat pipes has been a
subject of extensive research. Understanding how
variations in these parameters influence heat trans-
fer efficiency, thermal conductivity, and overall
reliability is essential for optimizing the design and
functionality of heat pipes across diverse applica-
tions [5. 6].

In this research paper, we delve into the intri-
cate interplay between working fluid and pipe ma-
terial and their combined effect on the performance
of heat pipes. Through experimental analysis and
theoretical modeling, we aim to elucidate the im-
pact of different working fluids and pipe materials
on key performance metrics such as thermal con-
ductivity, heat transfer coefficient, and overall effi-
ciency [7-9]. By systematically exploring various
combinations of working fluids and pipe mate-
rials, we seek to provide valuable insights into
the design principles and optimization strategies
for enhancing the performance and reliability of
heat pipes in real-world applications.

This research not only contributes to advancing
the fundamental understanding of heat pipe opera-
tion but also offers practical guidelines for engi-
neers and designers in selecting optimal working
fluid-pipe material combinations tailored to spe-
cific thermal management requirements [10, 11].
Ultimately, this knowledge can pave the way for
the development of more efficient and robust heat
pipe systems capable of meeting the increasingly
demanding thermal challenges posed by modern
engineering applications. Researchers are always
trying to figure out how to use heat pipes as high-
proficiency latent methods for heat transmission
in hardware, solar innovation, and aviation.

New working liquids were consolidated, and
new wick architectures for regular and level heat
pipes were suggested. The development of several
circular heat pipe types widely used in contempo-
rary applications—the research on both adjustable
and miniature heat pipes. Novel uses were consi-
dered, like heat pipe-coordinated turbines and sun-
based authority sections. The interaction between
phase change materials and heat pipes was investi-
gated for cooling applications [12—13]. The basic
structure of a heat pipe is illustrated in Fig. 1.

A wick structure or wick is used to return the
condensate to the vaporizing area once the working
fluid has become dense and evaporated in another
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part of the heat pipe. The wick's pore size, porosity,
and thermal conductivity, among other characteris-
tics, determine how far the heat pipe can function.
The difference between the wick structure's thin

spans at the condenser end (RCC) and evaporator
end (rce). It makes the wick submerged in fluid have
a net weight contrast. The fluid exits the condenser
by evaporation due to this weight differential.
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Fig. 1. Sketch of heat pipe [8]

The thermodynamic behavior and components
of the heat pipe are shown in Fig. 2.
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Fig. 2. Heat Pipe Thermodynamic Diagram [12]:
a— various components; b — temperature—entropy diagram

The thermophysical properties and compatibi-
lity of working fluids with pipe materials are pre-
sented in Table 1.
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Table 1
The working fluid of heat pipe and Heat pipe container material and working fluid
Working Fluid Melting Point, K Boiling Point, K Useful Range, K Cooper | Aluminium Brass
at 1 atm at | atm
Water 273.1 373.1 303-550 v x X
Acetone 180.0 329.4 273-393 v v v
Ethanol 158.7 351.5 273-403 x X X

Literature Survey

Numerous studies evaluated heat pipes' charac-
teristics and important variables using theoretical
and experimental mathematical models. Garcia et
al. examined the numerical solution for the laminar
two-phase flow of liquid and vapour of working
fluid in the capillary structure of microheat pipes.
An examination of the link between the capillary
pressure and the maximal heat transfer capacity is
undertaken.The results are compared with data
from the specialized literature to validate the ma-
thematical models [1]. Based on the momentum
conservation and Laplace-Young equations, an ana-
lytical formula for the minimum meniscus radius
and a presentation of the maximum capillary heat
transport limit in micro/small heat pipes were de-
rived. Numerous studies have been created to ge-
neralize technologies in a certain field, identifying
optimum working circumstances and likely down-
sides. The constraints and operating parameters
have been acknowledged; however, the Technolo-
gy has not been validated or certified for use in an
industrial context. The resulting results are com-
pared with data presented in the specialized litera-
ture to validate the mathematical models. Based on
the momentum conservation and Laplace-Young
equations, an analytical formula for the minimum
meniscus radius and a presentation of the maxi-
mum capillary heat transport limit in micro/small
heat pipes were derived. Numerous studies have
been created to generalize technologies in a parti-
cular field, indicating ideal working conditions and
probable drawbacks. Chan et al. looked into the
numerous wick types and different heat pipes. Heat
pipes have more than 20 years of lifespan and
no moving parts. Manufacturing process control is
the main factor influencing heat pipe reliability.
The long-term performance of a heat pipe is measu-
rably impacted by the seal of the line, the quality
of the materials used in the wick structure, and the
cleanliness of the internal chamber. Any leak will
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eventually cause the tube to stop working. Perfor-
mance will gradually deteriorate due to NCG for-
mation, facilitated by contamination of the wick
structure and inner chamber. Robust testing and
well-designed procedures are needed to guarantee
heat pipes.

According to the survey, the most popular uses
for oscillating and rotating heat pipes are in low-
temperature heat pipes and engine coolant systems,
among other applications. The total results offer
countless opportunities; however, there is a prob-
lem with the lack of confirmation surrounding
these subjects, particularly with the development
of hybrid Technology.

Cryogenic heat pipes highlighting the problems
with closed-loop heat pipes (CLHP) and the sys-
tem's unavailability. The evaluation recommends
tactics that consider supercritical startup while op-
timizing each CLHP system's performance. Tech-
nological advancements like nanofluids increase
the complications because of the metallic particles.
Heat pipes and nanofluids are relatively new tech-
nologies, and more and more trials and validations
exist. Heat pipes have many uses, from low tem-
peratures to nuclear power. However, the extant
literature highlights the absence of advancement
towards an industrial implementation. Sameer
Khandeker and Manfred Groll published an inter-
national study on pulsing heat pipes. According to
them, pulsating heat pipes, or PHPs, have become
fascinating substitutes for traditional heat transmis-
sion systems. These seemingly straightforward
devices have magnetic thermohydrodynamic ope-
rating.

The thermal performance of heat pipes employ-
ing various working fluids, including water, am-
monia, and refrigerants. The researchers conducted
experiments to analyze heat transfer characteristics
such as thermal conductivity and heat transfer
coefficient. They found significant variations in
performance metrics depending on the choice
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of working fluid, highlighting the importance of
fluid selection in heat pipe design.

The influence of pipe material on the thermal
conductivity of heat pipes. Through experimental
investigations using different pipe materials such
as copper, aluminium, and stainless steel, they ob-
served variations in thermal conductivity and heat
transfer efficiency. Their findings underscore the
importance of considering pipe material in opti-
mizing heat pipe performance.

Conduct a comparison study to evaluate the
performance of heat pipes using different combina-
tions of working fluids and pipe materials. By re-
searching thermal conductivity, heat transfer coef-
ficient, and compatibility concerns, they provide
insights into the synergistic impacts between wor-
king fluid and pipe material on heat pipe perfor-
mance. Their research helps to a better understan-
ding of the intricate interactions regulating heat pipe
behavior. The impact of corrosion on the perfor-
mance of heat pipes utilizing different working
fluids and pipe materials. Through accelerated
aging tests and corrosion analysis, they elucidate
the degradation mechanisms and reliability issues
associated with specific fluid-material combina-
tions. Their findings emphasize the importance
of considering corrosion resistance when selecting
working fluids and pipe materials for long-term
heat pipe applications.

The optimization framework for heat pipe de-
sign considering the combined effects of working
fluid and pipe material. By employing computa-
tional modeling and multi-objective optimization
techniques, they identify optimal fluid-material
combinations that maximize heat transfer efficien-
cy while minimizing material degradation and
compatibility issues. Their research provides valu-
able insights into the holistic design approach for
enhancing heat pipe performance.

Overall, the reviewed literature underscores the
significance of considering both working fluid and
pipe material in the design and optimization of heat
pipes. While each parameter independently influ-
ences heat pipe performance, their combined effect
presents a complex interplay that necessitates care-
ful consideration to achieve optimal thermal mana-
gement solutions.
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Experimental Setup

In our research paper concentrating on the ex-
perimental investigation of the influence of wor-
king fluid and pipe material on the performance
of heat pipes, a rigorous experimental setup was
designed to enable reliable data collection and
analysis. The setup was designed to systematically
adjust both the working fluid and the pipe material
while monitoring important performance characte-
ristics such as thermal conductivity, heat transfer
coefficient, and overall efficiency

1. Heat Pipe Assembly

The heart of the experimental setup consisted
of a series of heat pipes, each carefully constructed
to maintain consistency and repeatability throu-
ghout the experiments. The heat pipes were fabri-
cated using different pipe materials including cop-
per, aluminium, and stainless steel, each with pre-
cise dimensions and surface finishes to minimize
variations. Uniformity in heat pipe construction
was maintained to ensure that any observed diffe-
rences in performance could be attributed solely to
variations in working fluid and pipe material.

2. Working Fluid Selection

A variety of working fluids were considered for
experimentation, including water, ammonia, and
various refrigerants commonly used in heat pipe
applications. Each working fluid was carefully se-
lected based on its thermophysical properties such
as thermal conductivity, latent heat of vaporization,
and compatibility with the chosen pipe materials.
The purity and consistency of each working fluid
were verified to eliminate any extraneous factors
that could influence experimental results.

3. Thermal Testing Setup

A controlled thermal testing environment was
established to simulate real-world operating con-
ditions for the heat pipes. Heat sources and sinks
were carefully controlled to maintain stable
temperature differentials across the heat pipes.
Temperature sensors were strategically placed
along the length of the heat pipes to monitor tem-
perature gradients and ensure uniform heat trans-
fer. Heat transfer fluid circulation loops were em-
ployed to maintain consistent operating conditions
throughout the experimental trials. The experi-
mental setup developed for the present investiga-
tion is shown in Fig. 3.
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The experimental observations for forced con-
vection are presented in Table 3.

Table 3
Forced Convection
Time Duration 10 Minute
Inlet | Outlet . .
No | Teme | Temp | | i | it | diametr
in C in C
Fig. 3. Experimental setup 1] 522 | 324 | Water Copper 2.5 6
. 2| 50.1 | 33.5 | Water Copper 5.0 6
Observation Table 3| 448 | 33.6 | Water | Copper | 7.5 6
The observations obtained during free convection 41 421 | 332 | Water Copper 10.0 6
experiments are summarized in Table 2. 51 509 | 332 |Acetone | Aluminium | 2.5 8
Table 2 6| 489 | 33.1 |Acetone | Aluminium | 5.0 8
Free Convection 7| 459 | 33.0 |Acetone | Aluminium | 7.5 8
Time Duration 10 Minute 8| 425 | 33.1 | Acetone| Aluminium | 10.0 | 8
S | Temp. | Temp. | TIP% | pipe Mteril [Ditmee|piomete 0| 494 | 331 |Acetone| Copper | 25 | 6
No C C of Fluid inem |rinmm 10 | 453 | 33.1 |Acetone| Copper 5.0 6
1 61 36.8 Water Copper 2.5 6 11| 43.6 | 32.5 |Acetone| Copper 7.5 6
2 60 37.5 | Water Copper 5.0 6 12| 41.2 | 32.8 |Acetone| Copper 10.0 6
3| 565 | 37.5 | Water Copper 7.5 6 13| 60.5 | 34.0 | Water Copper 2.5 8
4 ] 498 | 36.2 | Water Copper 10.0 6 14 | 554 | 34.0 | Water | Copper 5.0 8
5 | 585 | 37.4 | Acetone | Aluminium | 2.5 8 151 504 | 33.7 | Water Copper 75 g
6 | 63.1 | 38.6 | Acetone | Aluminium | 5.0 8 161 471 | 33.6 | Water Copper 10.0 3
7] 635 | 386 | Acctone | Aluminium | 7.5 | 8 17| 48.6 | 332 | Water | Aluminium | 2.5 6
8 | 53.9 | 37.1 | Acetone | Aluminium | 10.0 8 181 423 1 333 | Water | Aluminium | 5.0 p
9 | 72.5 | 37.9 | Acetone Copper 2.5 6
101 708 | 381 | Acetone Copper 50 6 19| 414 | 32.3 | Water | Aluminium | 7.5 6
111 581 | 344 | Acetone Copper 75 6 20 | 38.1 | 32.5 | Water | Aluminium | 10.0 6
12| 53.4 | 34.7 | Acetone | Copper | 100 | 6 21 | 66.5 | 34.6 |Acetone| Copper 2.5 8
13| 73.5 | 39.8 | Water Copper 2.5 8 22| 59.1 | 343 |Acetone| Copper 5.0 8
14| 65.8 | 393 Water Copper 5.0 8 23 | 52.5 | 33.9 |Ethanol| Copper 7.5 8
15] 619 | 383 | Water Copper 1.5 8 24| 49.7 | 33.9 |Ethanol| Copper | 10.0 8
16| 558 | 37.1 | Water | Copper | 100 | 8 25| 539 | 33.1 |Ethanol| Copper | 2.5 6
17| 77.1 | 38.5 Water | Aluminium | 2.5 6 26 | 509 | 333 | Ethanol| Copper 50 6
18| 69.8 | 379 Water Alum%n%um 5.0 6 271 458 | 33.4 | Ethanol Copper 75 6
19 568 | 36.2 | Water | Aluminium | 7.5 } 6 28 | 449 | 33.6 |Ethanol| Copper | 100 | 6
20 | 52.6 | 35.6 Water | Aluminium | 10.0 6
211 666 | 403 | Ethanol Copper 25 3 29 | 56.8 | 33.7 | Ethanol | Aluminium | 2.5 6
22| 651 | 392 | Ethanol Copper 50 3 30 | 52.4 | 33.8 |Ethanol | Aluminium | 5.0 6
231 57.1 | 38.1 | Ethanol Copper 75 8 31| 479 | 33.3 |Ethanol | Aluminium | 7.5 6
24 | 543 | 36.5 | Ethanol Copper 10.0 8 32| 455 33.6 | Ethanol | Aluminium | 10.0 6
25| 64.5 | 38.3 | Ethanol Copper 2.5 6 33 | 50.1 | 334 | Water Brass 2.5 8
26 | 63.7 | 36.2 | Ethanol Copper 5.0 6 34 | 475 | 33.5 | Water Brass 5.0 8
27| 58.6 | 36.2 | Ethanol Copper 7.5 6 35| 445 | 335 | Water Brass 75 g
28 | 58.3 | 36.1 | Ethanol Copper 10.0 6 36| 431 | 33.6 | Water Brass 100 3
29| 67.3 | 36.6 | Ethanol | Aluminium | 2.5 | 6 37| 59.6 | 31.5 |Acetone| Aluminium | 2.5 6
30| 66.4 | 38.1 | Ethanol | Aluminium | 5.0 6 381 539 | 318 | Acetone | Aluminium | 5.0 p
31| 63.4 | 37.1 | Ethanol | Aluminium | 7.5 6
32| 59.1 | 36.6 | Ethanol | Aluminium | 10.0 | 6 39| 47.2 | 320 |Acctone| Aluminium | 75 | 6
33| 669 | 34.9 Water Brass 25 3 40 | 46.5 | 32.5 |Acetone| Aluminium | 10.0 6
34| 654 | 352 Water Brass 5.0 8 41 | 574 | 31.9 | Ethanol Brass 2.5 8
188 [ Hayka
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End of Table 3

Sr. ;Z:l; (_;2;11? Type. Pipe‘ Sogrce - Pipe
No in C | in C of Fluid Material Dist. | diameter
42 | 53.6 | 32.0 | Ethanol Brass 5.0 8
43 | 50.4 | 31.8 | Ethanol Brass 7.5 8
44 | 459 | 31.6 | Ethanol Brass 10.0 8
45| 50.3 | 33.0 |Acetone| Copper 2.5 8
46 | 46.4 | 33.0 |Acetone| Copper 5.0 8
47 | 43.1 32.9 | Acetone| Copper 7.5 8
48 | 40.7 | 32.8 |Acetone| Copper 10.0 8
49 | 50.2 | 32.1 |Ethanol | Aluminium | 2.5 8
50 | 453 | 32.0 |Ethanol | Aluminium | 5.0 8
51| 42,5 | 32.0 |Ethanol | Aluminium | 7.5 8
52| 385 | 32.1 |Ethanol | Aluminium | 10.0 8
53| 53.8 | 32.3 | Water | Aluminium | 2.5 8
541 489 | 32.2 | Water | Aluminium | 5.0 8
55| 44.8 | 32.1 | Water | Aluminium | 7.5 8
56 | 42.8 | 32.4 | Water | Aluminium | 10.0 8
57 | 57.3 | 31.5 | Ethanol Brass 2.5 8
58 | 54.0 | 31.6 | Ethanol Brass 5.0 8
59 | 49.6 | 31.9 | Ethanol Brass 7.5 8
60 | 46.9 | 32.1 | Ethanol Brass 10.0 8
61 | 493 | 32.1 |Acetone Brass 2.5 8
62 | 47.7 | 32.1 |Acetone Brass 5.0 8
63 | 45.8 | 32.0 |Acetone Brass 7.5 8
64 | 42.8 | 32.1 |Acetone Brass 10.0 8

Sample Calculations

(a) Free convection
Fixed parameter:

Room\Reference temperature = 31.3 °C

Length of the pipe = 300 mm
Wick material = Bandage (Cotton)
0O = convective = [Ha(AT)]

A = Curved surface area of pipe
h = convective heat transfer coefficient
h (for free convection) = 10 W/(m?- K)

1 READING. AT=[61.0-36.8]

SREADING. AT =[58.5 —37.4] =21.1 °C
0 =107-0.006-0.3-(27.5)
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0=10n-0.008-0.3-(21.1)
0 =149 watt...
0 =1.58 watt...

2 READING. AT =[60.0 -37.5]=27.5°C

6 READING. AT =[63.1 —38.6] =24.9 °C
0 =10n-0.006-0.3-(27.5)

0 =10n-0.008-0.3-(24.9)

0 =149 watt...

0 =1.84 watt...

(b) Forced convection:

Room\Reference temperature = 31.3 °C
Length of the pipe = 300 mm
Wick material = Bandage (Cotton)

Formula used

Type of heat transfer is forced convection

0O = convective = [Ha(AT)]

A = Curved surface area of pipe

h = convective heat transfer coefficient
havg (for forced convection) = 200 W/(m*-K)

1 READING. AT =[52.3 - 32.4]

5 READING. AT =[50.9 - 33.2] = 15.8 °C
0 =2007-0.006-0.3-(19.8)

0 =2007-0.008-0.3-(15.8)
0 =223 watt...
0 =126.67 watt...

2 READING. AT =[44.8-33.6]=27.5°C
6 READING. AT=[48.9-33.1]=129°C
0 =200r-0.006-0.3-(27.5)

0 =200xn-0.008-0.3-(12.9)

0 =18.76 watt...

0 =23.81 watt...

Result Table:

The calculated results for water as the working

fluid are shown in Table 4.

The performance results using ethanol as the

working fluid are summarized in Table 5.

The experimental results obtained using ace-

tone as the working fluid are presented in Table 6.
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Table 4 End of Table 5
Fluid Used-Water ] ) 3 ) 5 3 =
Tempera- | Heat . . Source | Pipe 32 15.8 23.7 10 Copper 10 8
Sr. P . Time Pipe . P
Nc; ture differ- |Rejected (min)|  Material Distance |diameter 33 20.8 23.54 | 10 Copper 2.5 6
ence (C) | (W) (cm) | (mm) 34 17.6 19.88 | 10 | Copper 5 6
1 21.5 16.2 | 10 | Aluminium| 2.5 8 35 12.4 14.012 | 10 Copper 7.5 6
2 16.7 25.17 | 10 | Aluminium 5 8 36 113 12.769 | 10 Copper 10 6
3 12.7 19.14 | 10 | Aluminium 7.5 8 37 25.5 19.21 10 Brass 2.5 8
4 10.4 15.67 | 10 | Aluminium 10 8 38 21.6 16.27 | 10 Brass 5 8
5 15.4 17.4 | 10 | Aluminium| 2.5 6 39 18.6 14.01 | 10 Brass 7.5 8
6 11 12.43 | 10 | Aluminium 5 6 40 14.3 10.77 | 10 Brass 10 8
7 9.1 10.2 10 | Aluminium 7.5 6
8| 56 | 633 | 10 |Aluminium| 10 6 _ Table 6
9 | 265 |3995| 10 | Copper | 2.5 8 Fluid Used: Acetone
10 21.4 3225 | 10 Copper 5 8
11| 167 | 2517 | 10 | Copper 7.5 8 o |ompet) Heat |po | b Source | Pipe
12 14.1 21.25 10 Copper 10 8 NO feren- Rej&(;ted (min) Matgrial Distance |diameter
13] 198 [ 223 [ 10 | Copper | 25 6 ()| W (em) | (mm)
14| 166 118761 10 | Copper > 6 41| 177 | 2667 | 10 |Aluminium| 2.5 8
15 11.2 12.66 | 10 Copper 7.5 6 —
42 15.8 23.81 10 | Aluminium 5 8
16 8.9 10.06 | 10 Copper 10 6 —
7 6.7 2505 | 10 B G 2 43 12.9 19.44 10 | Aluminium| 7.5 8
' - rass - 44 94 [ 1416 | 10 [Aluminium| 10 8
18] 14 21 | 10 | Brass > 8 45| 279 | 31.53 | 10 |Aluminium| 2.5 6
191 11 165 | 10 | Brass 7.5 8 46 | 22.1 | 2498 | 10 |Aluminium| 5 6
20] 95 |1425) 10| Brass 10 8 47 [ 152 [ 1718 | 10 |Aluminium| 7.5 6
Table 5 48 14 15.82 10 | Aluminium 10 6
. . 49 17.3 13.03 10 Copper 2.5 8
Fluid Used: Ethanol 50 | 13.4 | 10.09 | 10 | Copper 5 8
51| 102 | 7.68 | 10 | Copper 75 8
S Temperature | Heat Ti Pi Source | Pipe 52 7.9 35 10 Copper 10 8
Nr(; differen- |Rejected (nffl‘f; Ma;gfial Distance |diameter 53 | 163 | 24.56 | 10 [ Copper 25 6
ce (O (W) (cm) | (mm) 54 | 122 | 1838 | 10 | Copper 5 6
551 111 16.72 | 10 Copper 7.5 6
1 2 3 4 5 6 7 56 8.4 12.66 10 Copper 10 6
21 18.1 13.6 10 |Aluminium| 2.5 8 57 17.2 25.9 10 Brass 2.5 8
22 13.3 10.02 | 10 |Aluminium 5 8 58 15.6 23.51 10 Brass 5 8
23 10.5 791 | 10 |Aluminium| 7.5 8 59| 138 | 20.79 | 10 Brass 7.5 8
24 6.4 48.2 [ 10 [Aluminium| 10 8 60 | 107 | 16.12 | 10 Brass 10 8
25 23.1 26.103 | 10 |Aluminium| 2.5 6 . .
26| 18.6 | 21.018] 10 |Aluminium| 5 6 Result and Discussion
27 14.6 16.498 | 10 [Aluminium| 7.5 6 Th .. for diff lumi
28 119 | 13.447| 10 |Aluminium| 10 6 ~ The temperature variation for different alumi-
29 316 47.85 | 10 | Copper 25 3 nium heat pipe conﬁgurat.lor'ls is presgnted in Fig. 4.
30] 248 372 | 10 | Copper 5 8 The temperature variation for different copper
31 18.6 27.9 | 10 | Copper | 7.5 8 heat pipe configurations is illustrated in Fig. 5
a C
75 —=— Inlet Temp (8 mm) —=— Inlet Temp (8 mm) 80 - —a— Inlet Temp (6 mm)
70 I;r:la'::;’::’s(::;“) | Ilc::te':'::\r:‘:;?nﬂ)n) —e— Outlet Temp (6 mm)
~—¥— Outlet Temp (6 mm) 65 4 —+— Outlet Temp (6 mm) —A— Inlet Temp (8 mm)
65 AN A N T AT 704 —v— Outlet Temp (8 mm)
60
geo 5 5
25 ] 5 bl
Eso § o) §
545 E & 5 il
40 ._/o—o-\. L 40 4 Sl
35 '/'\-,\. 354 v/'\'ﬁt: \:Q
2 3 4 5 6 7 8 9 10 1" 30 T T T T T T T T T 1 30 T T T T T T T T
Source Distance (cm) 2 . . 3 N 9 105l 2 3 4 5 6 i 8 9 0 1
Source Distance (cm) Source Distance (cm)
Fig. 4. a— Acetone-Aluminium; b — Ethanol-Aluminium; ¢ — water-Aluminium
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Fig. 5. a— Acetone-Copper; b — Ethanol-Copper; ¢ — water-Copper

CONCLUSION

This research paper has provided vital insights
into the major impact of working fluid and pipe
material on the performance of heat pipes. Through
thorough experimentation and analysis, it has been
established that the choice of working fluid and
pipe material plays a key role in determining the
efficiency and efficacy of heat pipes in heat trans-
fer applications. The findings of this study under-
line the need of carefully selecting the proper
working fluid and pipe material based on specific
operating conditions and intended performance
goals. Different combinations of working fluids
and pipe materials exhibit varying thermal conduc-
tivity, heat transfer rates, and overall performance
characteristics, highlighting the need for tailored
solutions in different contexts Furthermore, this
research contributes to the broader understanding
of heat pipe technology, offering valuable gui-
dance for engineers, researchers, and practitioners
in optimizing heat transfer systems for diverse ap-
plications. By leveraging the insights gained from
this study, future advancements in heat pipe tech-
nology can be pursued, leading to enhanced effi-
ciency, sustainability, and reliability in thermal
management systems.

Three different pipe types-brass, aluminium,
and copper—with varying diameters are used in this
investigation. Brass has an 8mm diameter, alumi-
nium has two diameters of 6 and 8§ mm, and copper
has two diameters of 6 and 8 mm. Ethanol,
distilled water, and acetone are the three working
fluids; cotton is a weak material for partial pres-
sure drops. For every combination — 2.5, 5, 7.5,
and 10 cm - the distance between the source and
the aluminium plate varied.
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The highest temperature difference and heat
rejection for free convection is obtained for alumi-
nium pipe of 6 mm diameter and using as a fluid,
result obtained were 38.5 °C and 2.17 W. An
8 mm copper pipe allows for a maximum tempera-
ture differential of approximately 26.3 °C and
a maximum heat transfer of around (19.8 W).
These two readings provide better heat rejection
for convection-type heat transmission.

Overall, this research underscores the impor-
tance of considering the interplay between working
fluid and pipe material in designing and optimizing
heat pipe systems, paving the way for more effi-
cient and effective heat transfer solutions in vari-
ous industrial and technological domains.

Future Scope:

o Advanced Materials Exploration: Investigate
the use of novel materials, such as graphene-based
composites or nanomaterial-enhanced surfaces, for
heat pipe construction.

o Explore the potential of additive manufactu-
ring techniques to fabricate heat pipes with com-
plex geometries and optimized thermal properties.

e Multi-Phase Working Fluids: Conduct expe-
riments with multi-phase working fluids, such as
nanofluids or hybrid mixtures, to enhance heat
transfer performance and operating range. Investi-
gate the influence of phase change phenomena,
such as boiling and condensation, on heat pipe be-
havior and efficiency.

e Enhanced Performance under Extreme Condi-
tions: Study the performance of heat pipes under
extreme operating conditions, including high tem-
perature differentials, vacuum environments, and
microgravity conditions.

« Explore innovative heat pipe designs and ma-
terials to withstand harsh environments encoun-
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tered in space exploration and aerospace applica-
tions. Optimization of Operational Parameters:

e Conduct parametric studies to optimize ope-
rational parameters such as working fluid fill ratio,
pipe diameter, and inclination angle for maximum
heat transfer efficiency.

e Microscale Heat Pipe Research: Explore the
feasibility of microscale heat pipes for compact
thermal management solutions in electronics
cooling and microfluidic devices.

e Environmental Considerations: Investigate
the environmental impact of different working flu-
ids and pipe materials used in heat pipe const-
ruction. Explore eco-friendly alternatives and sus-
tainable manufacturing processes to minimize the
carbon footprint of heat pipe technologies.

o Investigate corrosion resistance, material fa-
tigue, and thermal cycling effects to enhance
the durability of heat pipe systems.

REFERENCES

1. Choi S. (1995) Enhancing thermal conductivity of fluids
with nanoparticles. Proceedings of the ASME 1995 Inter-
national Mechanical Engineering Congress and Exposi-
tion. Developments and Applications of Non-Newtonian
Flows. San Francisco, California, USA, November 12-17,
1995. 99-105. https://doi.org/10.1115/IMECE1995-0926

2. Assael M., Chen C., Metaxa N., and Wakeham W. (2004)
Thermal Conductivity of Suspensions of Carbon Nano-
tubes in Water. International Journal of Thermophysics,
25 (4), 971-985. https://doi.org/10.1023/b:ijot.00000384
94.22494.04

3. Faiz F., Zahir E. (2014) A Comparative Study of Nano
Fluids for Tuneable Filter Operation. International Jour-
nal of Engineering Research, 3 (1), 9-12. https://doi.org/
10.17950/ijer/v3s1/103

4. Hone J. (2004) Carbon Nanotubes: Thermal Propertiesl.
Schwarz J. A., Contescu C. 1., Putyera K. (eds). Dekker
Encyclopaedia of Nanoscience and Nanotechnology. New
York, M. Dekker https://doi.org/10.1201/97814398343
98.ch26

192

10.

11.

12.

13.

.Li Y., Zhou J., Tung S., Schneider E., Xi S. (2009) A Re-

view on Development of Nano Fluid Preparation and
Characterization. Powder Technology, 196 (2), 89-101.
https://doi.org/10.1016/j.powtec.2009.07.025

. Lin Z., Wang S., Shirakashi R., Winston Zhang L. (2013)

Simulation of a Miniature Oscillating Heat Pipe in Bottom
Heating Mode Using CFD with Unsteady Modeling.
International Journal of Heat and Mass Transfer, 57 (2),
642-656. https://doi.org/10.1016/j.ijheatmasstransfer.
2012.09.007

.Lips S., Lefevre F. (2014) A General Analytical Model

for the Design of Conventional Heat Pipe. Internatio-
nal Journal of Heat and Mass Transfer, 72, 288-298.
https://doi.org/10.1016/j.ijheatmasstransfer.2013.12.068

.Lips S., Lefebvre F., Bonjour J. (2010) Investigation

of Evaporation and Condensation Processes Specific to
Grooved Flat Heat Pipe. Frontiers in Heat Pipe, 1 (2),
https://doi.org/10.5098/fhp.v1.2.3001

. Lips S., Lefebvre F., Bonjour J. (2010) Thermo Hydraulic

Study of a Flat Plate Heat Pipe by Means of Confocal Mi-
croscopy : Application to a 2D Capillary Structure. Jour-
nal of Heat Transfer, 132 (11), 019008. https://doi.org/10.
1115/1.4001930

Lips S., Lefebvre F., Bonjour J. (2011) Physical Mecha-
nisms Involved in Grooved Flat Heat Pipe : Experimental
and Numerical Analyses. International Journal of Thermal
Sciences, 50 (7), 1243-1252. https://doi.org/10.1016/j.
ijthermalsci. 2011.02.008

Liu Z.-H., Li Y.-Y. (2012) A New Frontier of Nano Fluid
Research—Application of Nano Fluids in Heat Pipe. Inter-
national Journal of Heat and Mass Transfer, 55 (23-24),
6786-6797.
https://doi.org/10.1016/j.ijheatmasstransfer.2012.06.086
Liu X., Chen Y. (2013) Transient Thermal Performance
Analysis of Micro Heat Pipe. Applied Thermal Enginee-
ring, 58 (1-2), 585-593. https://doi.org/10.1016/j.applther
maleng.2013.04.025

Macgregor R. W., Kew P. A., Reay D. A. (2013) Investi-
gation of Low Global Heating Potential Working Fluids
for a Closed Two-Phase Thermo Siphon. Applied Thermal
Engineering, 51 (1-2), 917-925. https://doi.org/10.1016/j.
applthermaleng.2012.10.049

Received: 09.10.2025
Accepted: 29.12.2025
Published online: 29.05.2026

Hayka
urexHuka. T. 25, Ne 3 (2026)



