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A B S T R A C T

This study proposes a newly designed ammonia-stainless steel dual compensation chamber loop heat pipe 
without a bayonet and experimentally investigates its operating performance under high acceleration (3–15 g) 
across four typical directions (A, B, C, and D), thermal loads (30–400 W), and heat sink temperatures (10–25 ℃), 
using visual windows at the ends of the two compensation chambers to observe the internal vapor–liquid phase 
distribution. Experimental results indicate that (i) higher thermal loads increase operational temperature while 
thermal conductance initially increases and then stabilizing or decreasing, with stable operation achieved even 
under the most adverse direction A of 30 W and 9 g; (ii) directional effects are significant, with operational 
temperature decreases and thermal conductance increases sequentially from directions A to D. Direction D yields 
the lowest operational temperature of 27.8 ℃ at 3 g and 150 W, and highest thermal conductance of 23.12 W/K 
at 12 g and 200 W; (iii) vapor backflow may occur in the liquid pipe before startup in direction C, while high 
thermal loads operating during steady state could induce two-phase states in both condenser and liquid pipe; (iv) 
increased acceleration degrades operational performance in direction A, but slightly increases temperature in 
directions C and D, with thermal conductance varying by thermal load; and (v) higher heat sink temperature 
elevates operational temperature and thermal conductance while altering two-phase distribution in both the 
liquid pipe and condenser.

1. Introduction

The performance of modern advanced aircraft continues to improve, 
driven by the increasing miniaturization and integration of onboard 
electronic devices. These devices generate high heat flux, with localized 
values in some chips exceeding 500 W/cm2 [1]. Traditional air and 
single-phase liquid cooling technologies are insufficient to meet the 
stringent thermal management requirements [2,3]. Consequently, the 
development of efficient two-phase cooling technology has become 
essential [4–7]. The loop heat pipe (LHP) offers a promising phase- 
change heat transfer solution, with advantages such as long-distance 
heat transfer, high heat transport capacity, superior thermal effi
ciency, energy savings, and ease of installation [8–11]. These features 
position LHPs as a transformative solution for managing onboard elec
tronic device thermal challenges [12,13].

However, single CC LHPs may perform worse or even fail to operate 

due to unfavorable orientation preventing the working fluid to return to 
the CCs in terrestrial gravity [14], especially in varying and elevated 
acceleration environments [15]. Therefore, dual CC LHPs (DCCLHPs) 
were developed to address liquid supply issues caused by adverse ori
entations [16,17], making them suitable for onboard electronics cool
ing. Literature review indicates that almost all current studies employ 
bayonet structures. It has been demonstrated that bayonet structure has 
some advantages, particularly in microgravity environments where it 
can facilitate liquid working fluid flow to ensure sufficient wetting of the 
primary wick. Additionally, research has revealed that under high heat 
leak conditions, the bayonet could decrease the capillary force [18]. 
Furthermore, with large working fluid charge, the bayonet structure 
could lead to CC overheating and even the system failure [19].

Lin et al. [20] developed a bayonet-equipped DCCLHP, demon
strating its adaptability to different orientations and improved startup 
performance. Further studies [21] on ammonia-charged DCCLHPs 
analyzed orientations and thermal load effects on startup 
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characteristics, revealing operational instabilities such as reverse flow, 
temperature hysteresis, and temperature oscillations, with oscillations 
occurring more frequently when the bayonet-equipped CC was above 
the evaporator [22]. Su et al. [23] investigated the operating perfor
mance of a DCCLHP with a bayonet using an ethanol–water mixture as 
the working fluid at three different tilt angles. It was found that a 60 % 
concentration mixture enabled the DCCLHP to achieve lower opera
tional temperature and thermal resistance at 300 W, while reducing the 
startup time by 30.18 % compared to pure ethanol conditions. Bai et al. 
[24,25] proposed two ammonia-charged DCCLHPs with extended and 
dual bayonets to enhance startup performance at various orientations. 
Experimental results showed that successful startup at low thermal loads 
(10 W) across all tested orientations, though temperature overshoot was 
observed due to liquid accumulation in vapor grooves [24]. Under anti- 
gravity conditions with increased operational temperature, the DCCLHP 
achieved effective heat transport of approximately 430 W over a 2.0 m 
distance, attaining a minimum thermal resistance of 0.067 K/W [25]. 
Yang et al. [26] examined an ammonia-charged DCCLHP with the 
bayonet and an eccentric ceramic wick, demonstrating startup at 2 W 
and a heat transport capacity exceeding 450 W over 2.0 m, with a small 
CC temperature differential enhancing performance. Fu et al. [27,28] 
designed and investigated the operating performance of two ammonia- 
charged DCCLHPs featuring the bayonet, with dual vapor and condenser 
lines, and a CC cooling structure respectively. Their results showed that 
temperature overshoot and oscillations primarily occurred at low ther
mal loads. The DCCLHP achieved a heat transfer capacity of over 600 W 
at a 1.1 m distance, and the adoption of dual vapor and condenser lines 
significantly reduced flow resistance [27]. Additionally, sequential CC 
cooling improved startup performance, reduced startup time, and low
ered thermal resistance [28]. Wang et al. [29,30] investigated an 
ammonia-stainless steel DCCLHP capable of 1 kW heat transfer, 
revealing the effects of orientation and elevated acceleration on its 
performance. It was found that mechanical forces may alter the thick
ness of the condensate film in the condenser, thereby influencing the 
overall performance of the DCCLHP. Furthermore, Xie et al. [31,32] 
systematically investigated nickel-ammonia DCCLHP performance 
under various acceleration directions and magnitudes, thermal loads, 
and loading modes, providing insights into acceleration-induced 
phenomena.

Visualization techniques serve as an effective methodological 
approach for directly capturing the vapor–liquid phase distribution and 
flow patterns within the LHP, thereby enhancing the fundamental un
derstanding of its heat and mass transfer mechanisms. In recent years, a 
growing number of researchers have employed visualization methods to 
investigate operating performance of the LHPs [33–36]. Cimbala and 
Okamoto et al. [37–39] pioneered neutron radiography to visualize two- 
phase flow and wick dry-out in the LHP with a bayonet, using ammonia 
and water as working fluids, respectively. Lin et al. [40] used trans
parent glass windows to investigate the effects of thermal load, initial 
vapor–liquid phase distribution, and orientation on both startup and 
operating performance of an ammonia-charged DCCLHP with the bay
onet. Their work revealed that radial heat leakage in the evaporator was 
the fundamental cause of various phenomena including bubble forma
tion, liquid redistribution, fluctuated flow and reverse flow within the 
evaporator core. Zhao et al. [41] experimentally investigated the oper
ating performance of a DCCLHP with a bayonet using ethanol as the 
working fluid, with particular focus on angle of attack effects. It was 
demonstrated that the angle of attack significantly affected evaporator 
and condenser temperatures, inducing oscillations. Nishikawara et al. 
[42–44] employed a transparent tube as the evaporator shell to observe 
and analyze the transient behavior on the wick’s exterior surface in a 
LHP without a bayonet, using acetone as the working fluid. It was 
illustrated that under eight initial vapor–liquid phase distributions, 
meniscus oscillations at the three-phase contact line were observed in 
nearly all cases, accompanied by boiling in the CC. Moreover, the 
meniscus receded with increasing heat flux, influencing the evaporator 
heat transfer coefficient. Chang et al. [45–47] visually investigated a 
bayonet-equipped LHP with dual evaporators and a condenser using 
acetone as the working fluid. Results showed that the two-phase flow 
region was longer and heat leakage lower in gravity-driven mode than in 
capillary-gravity mode. More pronounced condenser oscillations were 
observed in both anti-gravity and gravity-assisted conditions compared 
to horizontal operation. Zhang et al. [48] experimentally investigated 
the operating performance of a semi-cylindrical glass-sealed LHP with a 
bayonet, using acetone as the working fluid, under varying thermal 
loads and angles. It was found that multiple bubble motion patterns 
existed in the core, and the oscillation of the vapor–liquid phase inter
face within the evaporator core was the direct cause of the temperature 

Nomenclature

Symbols
a Acceleration, [m/s2]
g Gravitational acceleration, [9.81 m/s2]
G Thermal conductance, [W/K]
h Latent heat of vaporization, [J/kg]
I Current, [A]
L Length, [m]
p Pressure, [Pa]
Q Thermal load, [W]
T Temperature, [℃]
U Uncertainty
V Voltage, [V]
v Specific volume of working fluid, [m3/kg]
x Independent variable
Y Physical quantity

Greek symbols
ρ Density, [kg/m3]

Subscripts
a Acceleration

c Condenser
e Evaporator
in Inlet
lp Liquid pipe
out Outlet
sat Saturation
tot Total pressure drop
vg Vapor groove
vl The difference in specific volume between the saturated 

vapor and saturated liquid
vp Vapor pipe
w Wick
wcp Water-cooling plate

Acronyms
CC Compensation chamber
DCCLHP Dual compensation chamber loop heat pipe
EPDM Ethylene propylene diene monomer
ID Inside diameter
LHP Loop heat pipe
OD Outside diameter
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fluctuation. Liu et al. [49] proposed a novel LHP with a vapor-driven jet 
injector and investigated its temperature oscillation mechanisms using 
deionized water. It was found that high-amplitude temperature oscil
lations resulted from intermittent liquid supply in the CC. Increasing the 
heat sink temperature or reducing the filling ratio could eliminate these 
oscillations. Yan et al. [50] investigated the two-phase behavior in the 
condenser of a LHP using propylene as the working fluid. It was 
demonstrated that the reduction of two-phase zone length and increased 
condenser outlet subcooling led to enhanced heat leakage from the 
evaporator to the CC. Xie et al. [51,52] conducted a visual investigation 
on the operational performance of a water-stainless steel DCCLHP with a 
bayonet in acceleration environment. It was revealed that intermittent 
droplet splashing occurred in the CCs at direction A. The alternating 
distribution of vapor and liquid columns in the condenser was found to 
significantly influence the total system pressure drop. Additionally, the 

stratified or annular flow pattern in the condenser was observed to affect 
thin-film condensation heat transfer. Through visualization techniques 
and numerical simulations, Zhou et al. [53] studied the effects of vapor 
groove dimensions on both thermal efficiency and vapor–liquid phase 
distribution in a LHP with a bayonet using R245fa as the working fluid. 
Their results demonstrated a strong correlation between the evaporator 
heat transfer coefficient and the liquid film thickness within the vapor 
grooves.

In summary, current research has primarily focused on the opera
tional performance of the LHP with bayonet structures, validating their 
beneficial role in low-power startup. For the DCCLHP, existing studies 
have confirmed reliable operation under all orientations. Removing the 
bayonet reduces weight and simplifies manufacturing processes. 
Furthermore, compared to working fluids such as deionized water, 
acetone, ethanol and propylene, ammonia exhibits superior 

Fig. 1. The schematic diagram of the evaporator and CCs and photo of the visual DCCLHP.
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comprehensive properties including higher latent heat, lower surface 
tension and greater dp/dT slope [54], enabling excellent thermal per
formance in the LHP. However, the ammonia-charged LHP exhibits 
significantly higher system pressure compared to those using alternative 
working fluids, and ammonia manifests incompatibility with common 
sealing materials. These pose substantial challenges for implementing 
transparent glass visualization, particularly in high acceleration envi
ronment. Moreover, no relevant studies have been reported.

Despite various visualization studies on LHPs, current understanding 
of two-phase flow dynamics and heat transfer phenomena remains 
incomplete. To the best of the authors’ knowledge, investigations of 
dynamic operational behaviors, internal flow dynamics, and heat 
transfer mechanisms in DCCLHP systems, particularly subjected to 
elevated acceleration conditions, are still quite limited. Therefore, the 
current study pioneers a visualization-based approach to elucidate the 
internal vapor–liquid distribution and flow patterns of a DCCLHP 
without a bayonet under elevated acceleration fields while identifying 
novel thermofluidic phenomena. The impacts of several key parameters, 
including varying acceleration directions, magnitudes, thermal loads, 
and heat sink temperatures, will be systematically examined in both 
transient and steady-state conditions. Findings will advance DCCLHP 
applications in next-generation aircraft thermal management, providing 
both theoretical insights and practical guidance.

2. Experimental descriptions

2.1. Specifications of visual DCCLHP

In the present work, a newly designed and visual ammonia-stainless 
steel DCCLHP without the bayonet structure was fabricated by Shanghai 
Geentropy Aerospace Technology Co., Ltd. to observe the flow pattern 
variations and vapor–liquid phase distribution inside the CCs, as illus
trated in Fig. 1. The key design parameters of the visual DCCLHP are 
summarized in Table 1.

Fig. 1(a) shows the schematic diagram of the external structure of the 
evaporator and CCs. Notably, the liquid pipe is directly connected to the 
outer wall of CC2 without extending into the evaporator core, indicating 
the absence of a bayonet. The CCs are positioned at both ends of the 
evaporator and are connected via the evaporator core, ensuring the 
capillary wick liquid supply at all orientations, particularly under high 
acceleration effect. The sintered nickel capillary wick was fabricated 
using the powder metallurgy method, with an average pore diameter of 
0.5 μm.

Fig. 1(b) presents the visual DCCLHP photo including the evaporator, 
two CCs with visual windows, a condenser, and vapor and liquid pipes. 
Both the vapor and liquid pipes incorporate helical configurations. The 
transparent windows are made of silicate tempered glass. To prevent 
work fluid leakage, ethylene propylene diene monomer (EPDM) sealing 
gaskets are employed on the interface of the CC shells and stainless-steel 
clamps. For ensuring a lightweight and corrosion-resistant design, the 
condenser tubing is made of stainless steel, exhibiting a 6 mm outer 
diameter with 5 mm inner diameter. The tubing is brazed to a 

lightweight aluminum plate measuring 280 mm × 200 mm.
Ammonia, due to its high saturation pressure gradient and low 

boiling superheat at ambient temperatures, generates sufficient driving 
force to overcome flow resistance even under small temperature dif
ference. Additionally, its relatively low dynamic viscosity and surface 
tension help promote bubble nucleation and detachment [54]. Despite 
these advantages, visual studies of DCCLHP using ammonia as the 
working fluid are limited, particularly in high acceleration environment, 
with no reported investigations in this context. For these reasons, 
ammonia has been chosen as the working fluid in the current study.

2.2. Experimental setup

The schematic diagram of the testing rig is illustrated in Fig. 2. It 
mainly consists of four main subsystems: the acceleration control sys
tem, the data acquisition and heating control system, the recirculating 
water chiller system, and the visual DCCLHP testing unit.

The acceleration control system consists of a Y53100-3/ZF centrif
ugal acceleration regulating machine, a transducer controller, and a PC 
controller, which together create the required acceleration environ
ment. At the extremity of the spiral arm, the centrifuge regulating ma
chine has capable of generating radial accelerations up to 15 g. The data 
acquisition and heating control system includes PT100 temperature 
sensors, an Agilent 34970A data acquisition instrument, junction boxes, 
a remote PC, and a DC power supply. This system is connected to thin- 
film electric heaters, providing the necessary heat source for the evap
orator. Temperatures at all measurement points on the DCCLHP are 
remotely monitored and automatically logged. The recirculating water 
chiller system comprises a cold-water chiller (Sanffo HK-30/20 L), a 
frequency converter, a pump, control valves, a filter, a Coriolis flow
meter (DMF1-2), a DC power supply, and an aluminum water-cooling 
plate. This system ensures a controllable and stable heat sink tempera
ture for the visual DCCLHP.

The visual DCCLHP testing unit is securely mounted at the outer edge 
of the spiral arm of the centrifuge within a stainless-steel cabinet. It 
sustained a non-uniform acceleration force due to different distances 
from the DCCLHP to the centrifugal axis. The acceleration range of from 
90 % to 130 % of the acceleration of the center over the testing unit 
should be achieved according to GB/T 2423.15. This setup includes the 
visual DCCLHP, two video cameras (GoPro HERO9), and two LED lights. 
The video cameras are configured to capture up to 60 fps with a frame 
resolution of 1520 × 2704 pixels, allowing for detailed observation of 
the vapor–liquid phase distribution in the two CCs. The two LED lights 
provide additional illumination for the cameras. The condenser is 
mounted on the water-cooling plate, with thermal grease applied to 
reduce contact resistance. To minimize heat leakage, the entire loop is 
wrapped with aluminum foil thermal insulation.

2.3. Experimental conditions

In this study, the impacts of various thermal loads, directions and 
magnitudes of acceleration, and heat sink temperatures on the operating 
performance of the developed DCCLHP were systematically studied by 
experiment. All experimental conditions are summarized in Table 2. For 
system reliability, six radial acceleration magnitudes were selected: 0 g, 
3 g, 6 g, 9 g, 12 g and 15 g (with 0 g representing the terrestrial gravity 
environment). These magnitudes did not exceed the maximum allow
able acceleration of the centrifuge. As illustrated in Fig. 3, four accel
eration directions were specified, labeled as A, B, C, and D. The 
evaporator, CCs, and condenser of the visual DCCLHP testing unit were 
positioned horizontally, with gravity acting vertically downward. The 
acceleration direction A was aligned with the axis of the vapor and 
liquid pipes, which pointed toward the condenser located at the outer 
edge of the spiral arm, and was the opposite of direction C. For com
parison, the acceleration directions of B and D were aligned with the axis 
of the evaporator. Direction B pointed toward CC2, whereas direction D 

Table 1 
Principal design parameters of the DCCLHP.

Components Material Design parameters Dimensions

Wick Nickel OD/ID/Length (mm) 23/10/156
Pore radius (μm) 0.5
Permeability (m2) 1.3 × 10-14

Porosity 48.5 %
Evaporator Stainless steel 316 L OD/ID/Length (mm) 25/23/156
CCs Stainless steel 316 L OD/ID/Length (mm) 27/25/60
Vapor pipe Stainless steel 316 L OD/ID/Length (mm) 6/4/500
Liquid pipe Stainless steel 316 L OD/ID/Length (mm) 6/4/500
Condenser Stainless steel 316 L OD/ID/Length (mm) 6/5/1100
Working fluid Ammonia ​ ​

Y. Xie et al.                                                                                                                                                                                                                                      Thermal Science and Engineering Progress 68 (2025) 104328 

4 



pointed toward CC1. By rotating the entire cabinet by 90◦ using the 
spiral arm as a reference, the above four different acceleration directions 
could be exerted to the testing unit, as shown in Fig. 3.

For safety, the sustained operation of the centrifuge exhibited a strict 
one-hour duration threshold. The experiment achieved concurrent 
application of thermal load and centrifugal acceleration. The thermal 
load was adjusted based on the test requirements, with values set at 30 
W, 50 W, 100 W, 150 W, 200 W, 250 W, 300 W, 350 W, and 400 W. 
However, not all thermal loads were tested across all acceleration di
rections. The environment temperature was maintained at approxi
mately 25 ℃. The water-cooling plate temperature was controlled by 
adjusting the water temperature of the chiller, with inlet values set at 10 
℃, 15 ℃, 20 ℃, and 25 ℃.

A total of fifteen temperature measurement points were strategically 
placed along the entire loop, with their locations shown in Fig. 3. EVA is 
positioned at the midpoint of the evaporator external surface and rep
resents the operational temperature of the DCCLHP. CC1 and CC2 are 
used to monitor temperature variations within the CCs. COLD_IN and 
COLD_OUT indicate the inlet and outlet temperatures of the water- 
cooling plate. VP_IN and VP_OUT are located at the front and rear of 
the vapor pipe, with VP_IN situated approximately 2.5 cm from the 
welding joint between the vapor pipe and the evaporator. Similarly, 

LP_IN and LP_OUT are located at the front and rear of the liquid pipe, 
with LP_OUT positioned approximately 2.5 cm from the welding joint 
between the liquid pipe and the CC2. Finally, CON_1 through CON_6 are 
arranged along the condenser tubing to monitor temperature distribu
tion, with CON_1, CON_3 and CON_5 located at the bends of the 

Fig. 2. Schematic diagram of visual DCCLHP testing rig.

Table 2 
Selection of experimental conditions.

Parameter Variation

Acceleration magnitude 0 g, 3 g, 6 g, 9 g, 12 g, 15 g
Acceleration direction A, B, C, D
Thermal load (W) 30, 50, 100, 150, 200, 250, 300, 350, 400
Heat sink temperature (℃) 10, 15, 20, 25

Fig. 3. The acceleration directions and location of temperature measure
ment points.
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condenser tubing.
Calibration was performed for all the instruments before formal ex

periments. For PT100 temperature sensors calibration, a standard PT100 
temperature sensor and thermostatic water bath were used. Two distinct 
temperature zones were divided based on the operating temperature. 
One was the temperature zone of the ambient temperature and the inlet 
and outlet water temperature of the water-cooling plate, in which there 
were 13-point calibration at 2 ◦C intervals from 8 ◦C to 32 ◦C. The other 
was the temperature zone of the loop temperature, in which the thirteen 
PT100 temperature sensors located on the DCCLHP were calibrated over 
the whole range of 10–50 ◦C in 2 ◦C increments.

2.4. Uncertainty analysis

If a physical quantity Y is a function of several independent variables 
x1, x2, …, xn, its uncertainty can be formulated as follows [55]: 

U(Y)
Y

=

[
∑n

i=1

(
∂Y
∂xi

δxi ∗
1
Y

)2
]1/2

(1) 

where δxi is the uncertainty of the ith recorded variable.
In the current study, thermal conductance G, an important indicator 

of the DCCLHP’s operating performance, is analytically described using 
the following equation [20]: 

G =
Qe

Te − Twcp
(2) 

where Qe is the thermal load applied on the evaporator, Te is the 
evaporator temperature. Twcp is the average temperature of the water- 
cooling plate, it is determined by the following formula [40]: 

Twcp =
Tin + Tout

2
(3) 

where Tin and Tout are the inlet and outlet temperatures of the cooling 
water, respectively.

During the test, the primary source of uncertainty was the data 
acquisition system. The PT100 sensors exhibited a temperature mea
surement uncertainty of ± 0.3 ℃. The overall temperature uncertainty 
reached 4 % due to factors such as the electric wires, temperature sen
sors, electromechanical slip rings, and the data acquisition instrument. 
The uncertainties in the measurement of current (I) and voltage (V) were 
2.60 % and 0.56 %, respectively. Since the thermal load (Q) was 
calculated as the product of I and V (Q = I⋅V), its uncertainty was 2.66 %. 
Finally, based on Eqs. (1) and (2), the uncertainty in thermal conduc
tance was determined to be 4.80 %.

3. Results and discussion

3.1. Transient characteristics

Fig. 4 illustrates the temperature variation curves of the DCCLHP 
with a thermal load of 250 W and a heat sink temperature of 20 ℃ for 
direction A and 6 g. Fig. 5 shows the transient visualization images of 
CC2 under the aforementioned conditions. After applying acceleration 
and thermal load at 300 s, the temperatures at the evaporator, CCs, 
vapor pipe, and condenser measurement points increased immediately. 
In contrast, the temperatures at LP_IN and LP_OUT on the liquid pipe 
decreased sequentially, reaching their lowest points of 19.8 ℃ and 21.4 
℃ at approximately 310 s and 320 s, respectively. This can be explained 
by the visualization in Fig. 5, which shows that the hot vapor rapidly 
generated in the evaporator entered the condenser through the liquid 
pipe, pushing the cooled liquid from the condenser back into the CCs. As 
a result, the temperatures at LP_IN and LP_OUT dropped. After that, 
when the condenser was fully filled with hot vapor, the condensation 
temperature increased. Fig. 5(d) shows a considerable number of 

bubbles entering the CC2 from the liquid pipe, indicating that a high- 
temperature vapor–liquid two-phase flow entered the liquid pipe. This 
led to the temperature increase at LP_IN and LP_OUT after approxi
mately 310 s. By around 750 s, LP_IN and LP_OUT temperatures stabi
lized at about 30.1 ℃ and 30.8 ℃, while the evaporator temperature 
remained at 33.5 ℃. However, due to insufficient subcooling of the 
returning liquid into the CCs, the system at quasi-steady state required 
an increase in evaporator temperature to adjust the condenser outlet 
temperature. After 960 s, the evaporator temperature began to increase. 
the temperatures at LP_IN, CON_6, CON_5, and LP_OUT decrease 
sequentially, whereas CON_3 gradually increased and CON_4 initially 
increased before declining. Therefore, the vapor–liquid interface in the 
condenser receded between CON_4 and CON_5, and the liquid working 
fluid gradually filled the liquid pipe. Finally, the DCCLHP reached a 
steady-state operation, with the evaporator temperature at approxi
mately 38.3 ℃.

From Fig. 5(a)–(c), it can be observed that within 20 s of applying 
thermal load and acceleration, the liquid in CC2 rapidly increased, and 
the angle of the vapor–liquid phase interface relative to the horizontal 
plane gradually expanded. The liquid accumulated on the side near the 
liquid pipe outlet under acceleration effect. The thermal load caused 
rapid heating and vaporization of the working fluid in the evaporator, 
pushing subcooled liquid from the condenser back toward the CCs. 
During the subsequent temperature increase at LP_IN and LP_OUT, a 
considerable number of bubbles were observed entering the CC2 from 
the liquid pipe, as illustrated in Fig. 5(d). This indicated that vapor
–liquid two-phase flow occurred in both the condenser and liquid pipe, 
potentially responsible for the low-amplitude temperature oscillations at 
the LP_IN point. As the loop neared an initial steady state, bubbles 
ingress into the CC2 diminished significantly, as depicted in Fig. 5(e). 
The bubble elimination process terminated at 1330 s when the CC2 
became completely bubble-free, as shown in Fig. 5(f). It also can be 
clearly seen from Fig. 5(e) and (f) that the vapor–liquid interfaces were 
almost vertical. This phenomenon occurred because the horizontal ac
celeration force played a dominant role at 6 g, leading to the resultant 
force to align predominantly with the horizontal direction. As a result, 
the liquid completely filled the liquid pipe and the two-phase interface 
in the condenser retreated between CON_4 and CON_5. These simulta
neous phenomena manifested that the system attained a final steady- 
state operation.

Fig. 6 displays the temperature variation curves of the DCCLHP at a 
heat sink temperature of 20 ℃ for direction C and 15 g, with thermal 
loads of 50 W, 100 W, 150 W, 200 W, and 250 W. Fig. 7 shows the 
transient visualization images of the CC2 under the above described 
conditions for 50 W and 200 W. As illustrated in Fig. 6, the operational 

Fig. 4. Temperature variation curves of the DCCLHP at direction A and 6 g for 
250 W.

Y. Xie et al.                                                                                                                                                                                                                                      Thermal Science and Engineering Progress 68 (2025) 104328 

6 



temperature progressively increased with thermal load, reaching 24.9 
℃, 26.5 ℃, 28.2 ℃, 30.5 ℃, and 32.5 ℃, respectively. Furthermore, 
except for the 50 W and 100 W conditions, the temperature curves of all 
measurement points demonstrated a gradient increase with the thermal 
load increasing.

Around 170 s, the application of thermal load and acceleration 
caused the temperatures of the evaporator, CCs, vapor pipe, condenser, 
and liquid pipe to start increasing, with a more significant temperature 
increase observed at the liquid pipe inlet. The reason could be explained 
that a stratified vapor–liquid two-phase flow was present in the liquid 
pipe. At this time, the vapor with a temperature of about 24 ℃ flowed 

back in reverse into the liquid pipe, leading to a rapid temperature rise at 
LP_IN. At approximately 185 s, the temperature at LP_IN peaked at 23.4 
℃, then quickly dropped to 20.2 ℃ before gradually increasing to 
approximately 21.4 ℃. The temperature at LP_OUT consistently main
tained at approximately 23.8 ℃. This phenomenon was caused mainly 
due to the reverse flow of the vapor from the CCs to the liquid pipe. The 
mass flow rate of the working fluid was small at 50 W in the loop. The 
favorable effect of the acceleration promoted the liquid flowing into the 
CCs along the bottom of the liquid pipe. But the vapor reversely flowed 
toward the inlet along the upper part of the liquid pipe. When the 
DCCLHP reached a steady state at 50 W, the operational temperature 
stabilized at 24.9 ℃, with the temperatures at CON_2, CON_3, CON_4, 
CON_6, and LP_IN increasing sequentially. This indicates that the two- 
phase interface within the condenser was probably close to the outlet 
of the condenser.

When the thermal load was elevated to 100 W, the temperatures at 
the evaporator, CCs, vapor pipe, condenser, and liquid pipe all began to 
increase. The temperature at the liquid pipe inlet showed a slight fluc
tuation before gradually increasing to a peak of 24.5 ℃, followed by a 
slow decrease to approximately 22.4 ℃. The underlying reason was that 
the vapor with high temperature reversely reached the inlet from the 
outlet of the liquid pipe. Then the cool liquid from the condenser flowed 
into the liquid pipe. At this stage, the temperature differences across all 
measurement points of the condenser were within about 2 ℃.

As the thermal load increased to 150 W, the temperatures at all 
measurement points increased and the temperature at LP_IN neared that 
of the CCs. This indicated that the working fluid in both condenser and 
liquid pipe was in a vapor–liquid two-phase state. At 200 W and 250 W, 
the temperature at LP_IN exceeded that of the CCs, while both condenser 
and liquid pipe were also in a two-phase state. Furthermore, for thermal 
loads above 50 W, the temperature at CON_3 consistently remained the 
lowest among the measured points in the condenser. This phenomenon 
could be attributed to the liquid accumulation in the U-shape pipe due to 

Fig. 5. Vapor-liquid distribution in the CC2 at different times under direction A and 6 g for 250 W.

Fig. 6. Temperature variation curves of the DCCLHP at direction C and 15 g for 
50 W to 250 W.
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the acceleration effect of direction C.
From Fig. 7(a)–(b), it can be observed that within 11 s after the 

application of acceleration and thermal load, the amount of liquid 
working fluid in the CC2 remained almost constant, while the angle of 
the two-phase interface relative to the horizontal plane gradually 
increased. The liquid accumulated on the side away from the liquid pipe 
outlet under the influence of acceleration. During this stage, stratified 
vapor–liquid two-phase flow was present in the liquid pipe, with vapor 
backflowing into the condenser and liquid flowing into the CCs due to 
the acceleration, causing the temperature at LP_IN to rise. Subsequently, 
the liquid in the condenser was rapidly transferred into the CC2, leading 
to an obvious liquid volume increasing in Fig. 7(c). The liquid flowing 
through the inlet of liquid pipe decreased the temperature at LP_IN. By 
660 s, the DCCLHP had reached a stable operating state, as illustrated in 
Fig. 7(d). The liquid flowed into the CC2 and minimally disturbing the 
vapor–liquid phase interface. The amount of liquid in the CC2 further 
increased with thermal load elevated to 200 W, as depicted in Fig. 7(e) 
and (f). At this stage, the DCCLHP reached a stable operating state, but 
intermittent impacts of the returning working fluid on the two-phase 
interface in CC2 were still observed. This indicated the presence of a 
two-phase state in the liquid pipe, explaining the higher temperatures at 
LP_IN and LP_OUT seen in Fig. 6.

3.2. Impact of various factors on steady-state characteristics

3.2.1. Impact of different thermal loads
Fig. 8 illustrates the variations in the operating characteristics of the 

DCCLHP with increasing thermal loads under 0 g, 6 g, and 9 g for di
rection A, and under 6 g, 9 g, 12 g, and 15 g for direction C, all at a heat 
sink temperature of 20 ℃. At both directions A and C, the operational 
temperature generally grew with thermal load increasing. Under 
terrestrial gravity, the operational temperature exhibited a character
istic “V” shape across the thermal loads range of 30 ~ 300 W. For di
rection A at 9 g, the DCCLHP failed to operate when thermal load 

exceeded 100 W. In contrast, for direction C with 15 g, the DCCLHP 
maintained stable operation even at 400 W. For direction C, thermal 
conductance increased with thermal load before stabilizing at a constant 
value, showing a trend similar to that under terrestrial gravity. How
ever, for direction A at 6 g, thermal conductance initially increased with 
increasing thermal load but subsequently decreased.

In Fig. 8(a), the operational temperature for direction A at 6 g was 
28.4 ℃ at 30 W and increased with increasing thermal load, reaching a 
maximum of 44.9 ℃ at 300 W. For direction A at 9 g, the operational 
temperature started at 28.9 ℃ at 30 W and gradually increased to 38.6 
℃ at 100 W. However, when the thermal load exceeded 100 W, the 
DCCLHP could not operate normally. Under terrestrial gravity, the 
operational temperature reached 27.6 ℃ at 30 W, dropped to a mini
mum of 25.9 ℃ at 50 W, and then increased to 36.9 ℃ at 300 W. These 
findings indicate that at direction A under 6 g and 9 g, the operational 
temperatures were higher compared to terrestrial gravity, with the 9 g 
condition resulting in higher temperature than the 6 g condition.

In Fig. 8(b), the operational temperature curves at 6 g, 9 g, 12 g, and 
15 g were highly consistent across the 100 ~ 400 W range. However, the 
overall operational temperature was slightly lower at 15 g. For direction 
C at 6 g and 12 g, the operational temperatures were 26.0 ℃ and 26.6 ℃ 
at 50 W, respectively, and showed a slight decrease to their minimum 
values of 25.7 ℃ and 26.0 ℃ at 100 W before increasing with higher 
thermal loads. The lowest temperature recorded was 24.9 ℃ at 15 g and 
50 W. By contrast, the highest temperature reached 40.2 ℃ at 6 g and 
400 W. Additionally, it is worth pointing out that the operating tem
perature profile predominantly exhibits a “/” shape oblique line, devi
ating from the conventional “V” shape curve. The reason can be 
addressed as follows: The additional pressure head generated by the 
acceleration force enhanced rather than resisted the liquid working fluid 
flowing back to the CCs. Correspondingly, the total pressure drop of the 
external loop decreased. At low thermal loads, the subcooling of the 
returning liquid is sufficient to balance the heat leakage, resulting in a 
low operational temperature. At high thermal loads, the subcooling of 

Fig. 7. Vapor-liquid distribution in the CC2 at direction C and 15 g for 50 W to 200 W.
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the liquid exiting the condenser also dominates the operational tem
perature, which increases almost linearly with the thermal load. 
Therefore, the operational temperature exhibits a “/” shape oblique line.

In Fig. 8(a) and (b), the operational temperature increased with 
thermal loads above 100 W at directions A and C. The underlying 
mechanism can be addressed as follows. An increase in thermal load 
elevated the evaporation rate of the liquid in the evaporator, leading to 
higher flow resistance and pressure drop of the loop. Thus, the capillary 
force enhanced to compensate the pressure drop by reducing the cur
vature radius of the meniscus. Moreover, as the total pressure drop 
increased, the pressure differential between the vapor–liquid phase 
interface in the CCs and the meniscus grew accordingly. According to 
the Clausius-Clapeyron equation (Eq. (4)) [8,56], it elevated the tem
perature difference between the evaporator and the CCs. Correspond
ingly, the greater heat leakage from the evaporator to the CCs was 
produced, thereby increasing the operational temperatures. 

Δp =

(
dp
dT

)

sat
⋅ΔT =

h
Tsatvvl

⋅ΔT (4) 

where Δp is the total pressure drop excluding the pressure drop in 
capillary wick, dp/dT is the slope of the ammonia saturation pressur
e–temperature curve, ΔT is the temperature difference between the 
evaporator and the CCs, h is the latent heat of the working fluid, Tsat is 
the saturation temperature, and vvl is the difference in specific volume 
between the saturated vapor and saturated liquid.

In Fig. 8(c), under terrestrial gravity, thermal conductance consis
tently increased with thermal load and remained within the range of 
19.06 W/K to 19.60 W/K above 150 W. For direction A at 9 g, the 
thermal conductance increased from 3.53 W/K at 30 W to 5.65 W/K at 

100 W. Under the 6 g condition, thermal conductance reached its lowest 
value of 3.73 W/K at 30 W, then increased with increasing thermal load, 
peaking at 15.21 W/K at 200 W before declining to 12.88 W/K at 300 W. 
The reasons for this change can be explained as follows. Under the in
fluence of adverse-direction acceleration, the liquid returning encoun
tered obviously elevated flow resistance. When the thermal load 
exceeded a critical value, the heat leakage increased rapidly while the 
subcooling of the returning liquid was limited. Consequently, the 
operational temperature increased rapidly, leading to the observed 
decrease in thermal conductance according to Eq. (2). For the same 
thermal load, thermal conductance decreased sequentially under 
terrestrial gravity, 6 g, and 9 g, with the lowest value of 3.53 W/K 
observed at 30 W under the 9 g condition.

In Fig. 8(d), thermal conductance increased with thermal load under 
all four acceleration magnitudes and gradually approached a constant 
value. Overall, the thermal conductance at 15 g was slightly higher than 
at other magnitudes. The lowest thermal conductance was 8.47 W/K at 
50 W and 12 g, while the highest was 22.94 W/K at 250 W and 15 g. 
Additionally, thermal conductance at 9 g in direction A was consistently 
lower than at 6 g to 15 g in direction C.

References [57,58] present the performance of an ammonia-charged 
DCCLHP with a bayonet operating in acceleration environment. For the 
most adverse direction A, the DCCLHP could operate normally at 7 g and 
300 W. In the current work, the proposed DCCLHP could maintain 
normal operation under adverse direction A at 6 g with a thermal load of 
300 W or higher. For direction C, the proposed DCCLHP demonstrated 
comparable operational performance to the previous DCCLHP design. 
Particularly at direction D, it exhibited lower operational temperature 
and higher thermal conductance.

Fig. 8. Operating performance versus thermal loads at directions A and C.
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Moreover, compared to the DCCLHPs with an extended bayonet [24] 
or dual bayonets [25], the proposed DCCLHP successfully achieved 
startup and stable operation under adverse direction A at 9 g and a low 
thermal load of 30 W. Notably, in terrestrial gravity environment, the 
system thermal resistance of the current design (0.051 K/W at 200 W) 
was lower than the minimum thermal resistance (0.067 K/W) reported 
for the dual-bayonet DCCLHP.

3.2.2. Impact of different acceleration directions
Fig. 9 displays the operational temperature and thermal conductance 

of the DCCLHP in four typical directions A, B, C, and D under a heat sink 
temperature of 20 ℃. The relevant acceleration magnitudes and thermal 
loads were 3 g and 150 W, 6 g and 150 W, 12 g and 150 W, and 12 g and 
200 W, respectively. Notably, the DCCLHP failed to operate at direction 
A under 12 g with 150 W and 200 W. The highest operational temper
ature and lowest thermal conductance were observed in direction B 
under identical conditions, whereas the lowest operational temperature 
and highest thermal conductance occurred in direction D under different 
conditions. Specifically, the lowest thermal conductance of 13.22 W/K 
was recorded at 12 g and 150 W in direction B, while the lowest oper
ational temperature of 27.8 ℃ was achieved at 3 g and 150 W in di
rection D.

In Fig. 9(a), for direction A and 150 W, the DCCLHP exceeded its 
allowable operational temperature when the acceleration was greater 
than 6 g. Specifically, at 12 g and 150 W, direction B recorded the 
highest operational temperature of 32.7 ℃. For directions A, B, C, and D, 
the operational temperatures at 3 g and 150 W were 28.6 ℃, 28.5 ℃, 
28.1 ℃, and 27.8 ℃, respectively. For directions B, C, and D, the 
operational temperatures at 12 g and 200 W were 30.8 ℃, 30.8 ℃, and 
30.3 ℃, respectively. With the exception of the 12 g and 150 W con
dition, the operational temperature showed minor differences for di
rections B, C, and D. Overall, the operational temperature decreased 
sequentially from directions A to D across these conditions. This indi
cated that the acceleration effects in directions C and D positively 
influenced the loop operation.

In Fig. 9(b), under the same operating conditions, the thermal 
conductance increased sequentially from directions A to D. Specifically, 
the thermal conductance for directions C and D was generally higher 
than for direction B at 12 g and 150 W. The thermal conductance for 
direction A was 18.63 W/K and 13.82 W/K, respectively, under 3 g and 
6 g with 150 W. The highest thermal conductance of 23.12 W/K was 
observed at 12 g and 200 W in direction D. Notably, for direction D and 
150 W, the thermal conductance at 3 g was slightly higher than at 6 g, 
which differed from the trends observed at directions B and C.

Different acceleration directions could influence the two-phase dis

tribution and changed the flow resistance in the loop, thereby affecting 
its total pressure drop. The additional flow resistance induced by ac
celeration was represented by an additional pressure head, as formu
lated in Eq. (5). 

Δpa = ρaL (5) 

Where L is the effective liquid length along the acceleration direction, ρ 
is the density of the liquid or vapor working fluid, and a is the accel
eration magnitude.

In the current work, the gravitational contribution to pressure drop 
remained negligible due to the horizontal arrangement of the loop. 
However, the additional pressure head was favorable when acceleration 
was aligned with the flow direction. Otherwise, it created the flow 
resistance.

Since this DCCLHP did not have a bayonet, the total pressure drop of 
the entire loop in this experiment could be calculated according to Eq. 
(6) [59]. 

Δptot = Δpvg +Δpvp +Δp1
c +Δp2

c +Δplp +Δpa +Δpw (6) 

where Δpvg and Δpvp are the pressure drops through the vapor groove 
and vapor pipe, respectively. Δp1

c and Δp2
c are the pressure drops of the 

single-phase and two-phase flows through the condenser, respectively. 
Δpw is the pressure drop through the capillary wick, and Δplp is the 
working fluid pressure drop in the liquid pipe. Under normal operating 
conditions, both the mass flow rate and two-phase region length 
contribute to increases in Δpc

1, Δpc
2 and Δplp values.

Notably, the acceleration mainly affected the pressure drop in the 
liquid pipe and condenser, but its effect on the vapor transport com
ponents remained negligible due to the significantly lower vapor den
sity. To maintain force balance, the capillary wick adaptively adjusts the 
meniscus radius to generate the driving force necessary for the normal 
operation of the system.

At 3 g with 150 W, the acceleration direction A was opposite to the 
flow direction of the liquid in the liquid pipe. The additional pressure 
head caused a sharp increase in the loop pressure drop, which led to a 
significant temperature difference between the evaporator and the CCs. 
Therefore, the DCCLHP was prone to exceeding its normal operational 
temperature. For direction B, based on the transient temperature vari
ation curve under this condition, the two-phase interface of the working 
fluid in the condenser was between CON_4 and CON_6. The driving force 
was generated in the condenser to reduce the total pressure drop. Fig. 10
schematically illustrates the vapor–liquid phase distribution at di
rections C and D, which could help in finding the vapor–liquid interface 
position in an approximate manner. It should be noted that it is difficult 

Fig. 9. Operating performance versus four acceleration directions under specific conditions.
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to accurately determine the vapor–liquid interface position due to the 
complexity of vapor–liquid two-phase flow. For direction C, the two- 
phase interface in the condenser was approximately between CON_6 
and the outlet of the condenser, as shown in Fig. 10(a). The acceleration 
direction aligned with the working fluid flow direction in the liquid 
pipe, generating a driving force. Furthermore, a greater favorable 
additional pressure head for direction C was resulted from the longer 

effective liquid flow length in the loop compared to direction B, further 
promoting a lower operational temperature and higher thermal 
conductance, as shown in Fig. 9. For direction D, the two-phase interface 
in the condenser was approximately near the outlet of the condenser, as 
shown in Fig. 10(b). The acceleration effect generated relatively small 
flow resistance in the condenser but a larger driving force in the evap
orator core. Thus, direction D may achieve a lower operational 

Fig. 10. Schematic diagram of the vapor–liquid interface position in the condenser at 3 g with 150 W.

Fig. 11. Operating behavior versus acceleration magnitudes at different thermal loads and directions.
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temperature and higher thermal conductance than those for direction C, 
which differs from the experimental results in Ref. [52]. Therefore, 
under most operating conditions in this experiment, the superior per
formance observed at direction D was attributed to a combination of 
factors, including the acceleration effect, the system structure, and the 
vapor–liquid phase distribution of the working fluid.

3.2.3. Impact of different acceleration magnitudes
Fig. 11 depicts the operational temperature and thermal conduc

tance of the DCCLHP under accelerations in directions A, B, C, and D and 
a heat sink temperature of 20 ℃, varying with acceleration magnitude. 
The thermal load was 50 W and 150 W. The acceleration range was from 
3 g to 15 g for directions B, C, and D, whereas the maximum acceleration 
was limited to 12 g for direction A.

In Fig. 11(a), when the thermal load was 150 W and the acceleration 
exceeded 6 g for direction A, the evaporator temperature increased too 
high to achieve a stable state. For both thermal loads, the operational 
temperature increased with acceleration magnitude, while thermal 
conductance decreased. The reason could be that the additional pressure 
head induced by the acceleration increased with the acceleration 
magnitude increasing according to Eq. (5). It led to the larger pressure 
drop of the loop and more significant temperature difference between 
the evaporator and the CCs. Consequently, the larger operational tem
perature was produced. Accordingly, the thermal conductance 
decreased by Eq. (2). The lowest and highest operational temperatures 
at 50 W were 27.8 ℃ and 33.5 ℃, corresponding to acceleration mag
nitudes of 3 g and 12 g, respectively. The lowest thermal conductance, 
3.84 W/K, occurred at 50 W and 12 g, whereas the highest thermal 
conductance, 18.63 W/K, was observed at 150 W and 3 g.

It can be also clearly seen from Fig. 11(a) that the operational tem
perature at 50 W increased more rapidly with acceleration increasing 
from 9 g to 12 g compared to the range from 3 g to 9 g. Correspondingly, 
the thermal conductance decreased more rapidly with increasing ac
celeration. This indicates that higher acceleration magnitudes further 
deteriorate the operational performance of the DCCLHP. Additionally, 
the operational temperature at 150 W increased more rapidly compared 
to that at 50 W, with acceleration increasing from 3 g to 6 g, and the 
thermal conductance decreased more significantly. This suggests that at 
lower thermal loads, the operational performance at direction A is less 
sensitive to changes in acceleration magnitude.

In Fig. 11(b), the operational temperature at direction B initially 
decreased with increasing acceleration, then increased, and subse
quently decreased again. Conversely, the thermal conductance exhibited 
the opposite pattern. This indicated that increasing acceleration within a 
certain range could enhanced the operational performance at direction 
B. However, once a specific threshold was exceeded, the operational 
temperature increased significantly. Specifically, the operational tem
perature reached its lowest value of 27.4 ℃ at 9 g and its highest value of 
32.7 ℃ at 12 g. Correspondingly, the thermal conductance peaked at 
23.66 W/K at 9 g and dropped to its lowest value of 13.22 W/K at 12 g.

In Fig. 11(c), the operational temperature at 150 W increased with 
acceleration to a lesser extent compared to that at 50 W for direction C. 
At a constant acceleration magnitude, both operational temperature and 
thermal conductance were higher at 150 W than at 50 W. At 50 W, the 
operational temperature reached its lowest value of 23.7 ℃ at 3 g and its 
highest value of 26.6 ℃ at 12 g. Correspondingly, the thermal conduc
tance was lowest at 12 g (8.47 W/K) and highest at 3 g (14.51 W/K). 
Overall, under these conditions, the operational temperature increased 
with acceleration, while the thermal conductance decreased. For 150 W, 
the operational temperature gradually increased with increasing accel
eration, ranging from a minimum of 28.2 ℃ at 3 g to a maximum of 28.4 
℃ at 15 g, showing a slight temperature difference of only 0.2 ℃. The 
thermal conductance was lowest at 3 g (19.69 W/K) and highest at 9 g 
(20.94 W/K), showing a slight overall increase with acceleration. Ac
cording to Fig. 8(b), the operational temperature at direction C slightly 
decreased with increasing acceleration, when thermal load exceeded 

200 W. These observations highlighted that the operating behavior for 
this DCCLHP was influenced by multiple factors rather than a single 
determinant.

In Fig. 11(d), the operational temperature at direction D increased 
slightly with acceleration, whereas the thermal conductance manifested 
a declining tendency. The lowest operational temperature was 27.8 ℃ at 
3 g, while the highest was 28.5 ℃ at 15 g. The thermal conductance 
reached its minimum of 21.08 W/K at 15 g and its maximum of 22.47 
W/K at 9 g. Notably, the thermal conductance initially increased slightly 
from 3 g to 9 g, but then decreased with further increases in acceleration. 
The difference between the maximum and minimum operational tem
peratures was only 0.7 ℃, and the difference in thermal conductance 
was 1.39 W/K. These minimal variations indicated that the DCCLHP 
operated stably at direction D with 150 W, showing low sensitivity to 
change in acceleration magnitude.

3.2.4. Impact of different heat sink temperatures
Fig. 12 displays the variations in operational temperature and ther

mal conductance under 12 g and 150 W for directions B and C, with heat 
sink temperature increasing from 10 ℃ to 25 ℃. It can be clearly seen 
that both operational temperature and thermal conductance for the two 
directions gradually increased with increasing heat sink temperature. In 
addition, the rate of increase with heat sink temperature was similar. 
However, the thermal conductance at direction C increased at a slightly 
faster rate compared to direction B. Notably, direction B showed 
consistently higher operational temperature and reduced thermal 
conductance compared to direction C under identical heat sink tem
perature and thermal load conditions. This indicated that direction C 
was more favorable for maintaining stable and efficient operation. The 
maximum temperature for direction B was 35.7 ℃ at a heat sink tem
perature of 25 ℃, while the minimum temperature for direction C was 
22.3 ℃ at 10 ℃. Additionally, the thermal conductance for direction C 
peaked at 21.40 W/K at a heat sink temperature of 25 ℃, while the 
thermal conductance for direction B reached a minimum of 12.12 W/K 
at 10 ℃.

For the same thermal load, the evaporation rate of the liquid working 
fluid in the evaporator remains constant. However, as the heat sink 
temperature increased, the cooling efficiency of the condenser dropped. 
It caused two phase zone remain uncondensed, further resulting in an 
increase in condenser pressure drop. According to Eq. (4), an increase in 
the temperature difference (ΔT) between the evaporator and the CCs 
corresponded to a rise in the evaporator temperature. Under constant 
thermal load conditions, the thermal conductance presented a positive 
correlation with heat sink temperature. This behavior manifested as a 

Fig. 12. Operating behavior versus heat sink temperature for directions B and 
C at 12 g with 150 W.
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reduction in the temperature difference between the evaporator and 
condenser with increasing heat sink temperature, consequently causing 
an increase in thermal conductance. Although elevated heat sink tem
perature induced the increase in electronic device operating tempera
ture, it also significantly enhanced thermal conductance. Therefore, in 
practical applications, the heat sink temperature can be suitably 
increased to ensure the proper functioning of both the electronic devices 
and the DCCLHP, balancing operational temperature and thermal 
performance.

Fig. 13 illustrates the variations in steady-state temperatures at the 
vapor pipe outlet (VP_OUT), liquid pipe inlet (LP_IN), and multiple 
points along the condenser with the heat sink temperature increasing at 
12 g and 150 W in direction C.

According to Fig. 13, it can be observed that the temperatures of all 
measurement points gradually increased with the rise in heat sink 
temperature. However, there was no significant temperature difference 
between different measurement points, indicating that the working fluid 
remained in a two-phase state within the condenser. At a heat sink 
temperature of 10 ℃, CON_1 and CON_5 recorded the highest temper
atures among all measurement points, at 21.9 ℃ and 22.0 ℃, respec
tively, while CON_3 had the lowest temperature in the condenser, at 
19.5 ℃. This suggests that the vapor-phase working fluid primarily 
accumulated at one end of the condenser, opposite to the acceleration 
direction C. As the heat sink temperature increased, CON_1 and CON_5 
became the lowest temperature points, at 28.5 ℃ and 28.3 ℃, respec
tively, when the heat sink temperature reached 25 ℃. In contrast, 
CON_3 showed a temperature of 29.0 ℃. This indicates that the vapor- 
phase working fluid no longer accumulated at a specific end of the 
condenser due to the acceleration effect. Furthermore, with heat sink 
temperature increasing to 20 ◦C and 25 ◦C, the temperature of LP_IN 
exceeded that of all monitoring points on the condenser, and the liquid 
pipe evolved into a coexisting vapor and liquid phase state. These ob
servations highlight that the heat sink temperature significantly influ
enced the two-phase flow and distribution of the working fluid through 
the condenser. Higher heat sink temperature can extend two-phase re
gion, and increase the flow resistance of the external loop, thereby 
affecting the operating behavior.

4. Conclusions

This study presents an experimental investigation of a newly 
designed visual ammonia-charged dual compensation chamber loop 
heat pipe (DCCLHP) without a bayonet, focusing on its performance 
under high acceleration conditions. The impacts of several key opera
tional parameters, including thermal load, magnitude and direction of 
acceleration, and heat sink temperature, were systematically examined. 
The main findings are summarized as follows: 

(1) Under high acceleration conditions, an increase in thermal load 
can elevate the operational temperature. For direction C, the 
operating temperature profile primarily follows a “/” shape 
oblique trend. The thermal conductance gradually increases and 
stabilizes at a certain value. Larger thermal load can lead to 
thermal conductance declining. Moreover, the system without a 
bayonet can operate normally at 300 W and 6 g in the most 
adverse direction A and achieving successful startup at 30 W and 
9 g.

(2) For the four directions from A to D, the operational temperature 
decreases and the thermal conductance increases sequentially. 
Direction A significantly deteriorates operational performance, 
whereas direction D achieves lower operational temperature and 
higher thermal conductance. Specifically, for 3 g and 150 W, the 
operational temperature is 27.8 ℃; and for 12 g and 200 W, the 
thermal conductance reached 23.12 W/K.

(3) Vapor-liquid two-phase flow can simultaneously exist within the 
liquid pipe and condenser at high thermal loads. And the loop can 

operate to a steady state after the vapor–liquid phase redistri
bution. Vapor backflow may occur during startup for direction C 
and the liquid pipe contains stratified two-phase fluid.

(4) As acceleration increases, the operational temperature increases 
and thermal conductance decreases for direction A. The opera
tional temperature first decreases, then increases, and decreases 
again for direction B, with thermal conductance showing the 
opposite trend. At directions C and D, the operational tempera
ture increases, and thermal conductance may either increase or 
decrease, related to the thermal load.

(5) Higher heat sink temperature increases both operational tem
perature and thermal conductance. Concomitantly, it can extend 
the two-phase region within the condenser and even result in the 
liquid pipe transitioning to a vapor–liquid two-phase state.

In this study, we visually observed and manifested the heat transfer 
and two-phase flow behaviors of the DCCLHP without a bayonet in high 
acceleration environment up to 15 g, which are the critical consider
ations in practical applications. The corresponding interpretation and 
underlying physical mechanism explanation are proposed for the first 
time. The newly designed DCCLHP still exhibits excellent operational 
performance even under challenging conditions of adverse acceleration 
orientation and low heat loads. These findings provide theoretical 
validation for implementing this advanced DCCLHP design in thermal 
management systems for onboard electronic devices.
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