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Control characteristics of the MDGPC to +1 kPa step changes
in set—point values at various proportional gains (Kp)
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Table. 1 Design parameters of the PCLHP [13].

Parameter Description
Wick
Di . 50 mm X 114 mm X 3 mm
imension
(diameter X length X thickness)
Material Sintered stainless steel powder (316 L)

Nominal pore diameter

Permeability/porosity

Evaporator

Dimension
Number of vapor channels
Vapor removal channel dimension

Material

Compensation chamber

Bottom connection dimension

Main body dimension

Material

Volume fraction

Isothermal region

External dimension

Cylindrical isothermal space dimension

Thermometer well dimension
Eccentricity of the annulus

Material

Vapor line
(excluding the annular vapor passage)

Outer diameter/inner diameter
Effective length

Material

Liquid line

10 um
6.7 x 10—13 m2/ 0.5 (nominal)

60 mm X 54 mm X 155 mm
(outer diameter X inner diameter X length)

30

2mm X 2 mm X 120 mm
(width X depth X length)

Stainless steel (316 L)

60 mm X 54 mm X 20 mm

(outer diameter X inner diameter X length)
114 mm X 110 mm X 158 mm

(outer diameter X inner diameter X length)

Stainless steel (316 L)

Approximately 52%

89 mm X 83 mm X 448 mm

(outer diameter X inner diameter X height)
54 mm X 432 mm

(inner diameter X height)

8.5 mm X 432 mm (inner diameter X height)
5 mm

Stainless steel (316 L)

19.1 mm/16.6 mm
Approximately 1 m
Stainless steel (316 L)
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Outer diameter/inner diameter 9.5 mm/7.9 mm
Length Approximately 0.4 m

Material Stainless steel (316 L)

Condenser tube

Outer diameter/inner diameter 9.5 mm/7.9 mm
Length Approximately 2 m
Material Stainless steel (316 L)
Working fluid

Substance

Distilled water

Fluid mass Approximately 1600 g

3.3. 24U

3.3.1. MDGPC #H A A|ojo]|5 ZA & dHA A EH F7}

oA 73 MDGPC = 7P Al 4 & 8 W Alo) 7k b3t e 9

e
r2
-

O

WG Pol T 747 Aol Aok 2ANEE AT, G} S
A5 Aol etz Mg stel FAAAF AW ) 7k rEE Aolsinh A
PAlo] 718k MDGPC Alole] 22h4t 4 (79} o] 4% Welz wa

Ao @ 2H(Ap(dl/dp))ell vl dl Ao o] 5 (Kp)= okl 7] A Mefel Hate]

Attt B Aol A= ghel st gk Lo Mata(dl/dp)S EAAES
op71etA = 7 2 dEel tiF Mgl WM&l 1 mm/kPa AT
ol-ge] AAGHI ZA43te 7+ 27l 1kPa o] 4ol s @EtE 2 Alo] 9.2t

4 A MDGPC ©] P4 #28 9131 1mm o] 4] #17k s A4 g
A 5o) F3S 212 1 mmsh 1 mmE 44 5T

m = ly + Kp X Ap(dl/dp) (7)
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Fig. 16 Stability of the MDGPC with the proportional control
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(a) Stepwise pressure changes of the MDGPC with modified proportional

control
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Table. 2 Control characteristics of the MDGPC to +1 kPa step changes
in set—point values at various proportional gains (Kp)

K, Control stability Peak-to-peak amplitude Overshoot  Undershoot
(Pa) (Pa) (Pa) (Pa)
1.0 2.00 9.25 1.81 0
1.1 1.48 7.14 3.98 0.32
1.2 1.94 7.68 1.00 0
1.3 1.47 6.42 1.36 1.06
1.4 1.15 5.68 1.37 2.69
1.5 0.54 3.57 1.07 1.58
1.6 0.72 3.20 1.65 1.93
1.7 0.81 4.87 1.46 2.54
1.8 1.26 4.76 1.13 248
1.9 0.89 491 3.15 1.43
2.0 0.71 4.10 260.92 492
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Closed-type pneumatic temperature control of a pressure-controlled loop

heat pipe with a mechanically driven pressure controller

Cheongyong Park

Department of Intelligent robot engineering,

Pukyong National University

In this study, a pressure-controlled loop heat pipe (PCLHP) utilizing water as
a working fluid was constructed, and a mechanically driven gas pressure
controller (MDGPC) was devised to control pressure of compensation chamber
of the PCLHP in a closed manner. The MDGPC consisted of a variable-volume
bellows chamber and linear actuator; the former comprised multiple welded
bellows for internal volume change by axial dimension change, and the latter
was employed to change the axial dimension of the bellows chamber. As to the
control method of the linear actuator, a stepped proportional, proportional (P),
and proportional-integral (PI) controls were used. Initially, the stepped
proportional control was used as the control method of the MDGPC to investigate
the applicability of the MDGPC to the pressure control of the PCLHP. Based on
the test results obtained from the MDGPC with the stepped proportional control,
the P and PI controls were used to improve pressure control characteristics of
MDGPC and correspondingly the temperature control characteristics of the
PCLHP with the MDGPC.

Characterization of the pressure control of the MDGPC was carried out in
terms of stability, precision, and ability to recover from external pressure
disturbances. The pressure control stability and resolution of the MDGPC were
found to be approximately 1.5 Pa and 10 Pa for the P control and 1 Pa and 5 Pa
for the PI control, respectively. Despite the more stable and precise control
characteristics of the PI control method, considerable overshoots and
undershoots were observed under the PI control during the set-point pressure
changes and recoveries from pressure disturbances. In contrast, the MDGPC
operated under the P control did not show any significant overshoots or

undershoots when the set-point pressure changed in a stepwise manner or
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when the MDGPC was exposed to pressure disturbances. Thus, it was found that
concluded that the P control was a suitable control method for the MDGPC in
the context of the fast, precise, and stable gas pressure control in a closed
manner.

With the optimized control method of the MDGPC, the compensation chamber
pressure of the PCLHP was controlled in a closed manner, and the operating
temperature of the PCLHP was pneumatically controlled in a closed manner.
The temperature control characteristics of the PCLHP with the MDGPC were
tested in terms of stability, precision, and speed of the control. In addition,
temperature uniformity of the working space within the isothermal region was
evaluated. Stability of the pneumatically-controlled temperature of the PCLHP
with the MDGPC was approximately 0.01 °C. Temperature steps of approximately
8°C were generated from pressure steps of +20kPa, and the changed
temperatures were accurately predicted by the thermodynamic relation (i.e.,
Clapeyron-Clausius approximation). Horizontal and vertical temperature
uniformities of the working space in the isothermal region were evaluated to be
0.01 °C and 0.1 °C, respectively; the worse vertical temperature uniformity was
attributed to the axial heat loss toward the opening of the isothermal region to
the atmosphere, necessitating used of an enhanced insulation or heat spreading
device. Overall, a closed-type pneumatic temperature control of the PCLHP was
successfully attained with the use of the MDGPC.
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