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In this work, recent advances in temperature control techniques and the resulting contemporary progress in precision
thermometry are addressed together with a broad review of traditional temperature control methods. Particular emphases
are placed on clarification of the nature of temperature control and its classification, and the relevant technical issues are
addressed based on this clarification and classification. Being a thermodynamic quantity having the same dimension as
energy, temperature of an object is traditionally controlled by means of the changing rate of energy (Heat) transfer;
however, this approach has led to a slow, less stable, and uneven temperature field due to inherent limits caused by finite
properties of materials. To overcome this problem, thermodynamic characteristics of two-phase heat transfer devices, such
as heat pipes and loop heat pipes, have been extensively employed where high-speed nature of fluid flow was exploited to
realize a uniform temperature field, and unique thermodynamic linkage between saturation temperature and pressure was
successfully applied to attain a fast, stable, and predictable temperature control of a finite-sized isothermal space.
Representative examples and applications are provided in the context of unique features of the introduced contemporary
temperature control techniques, which caused significant scientific strides in the related fields.
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NOMENCLATURE pPec. = Compensation Chamber Pressure
P = Density

= Specific Heat S = Entropy
= Melted Fraction or = Temperature Stability
= Thermal Conductivity o = Pressure Stability
= Dynamic Viscosity T = Thermodynamic Temperature
= Number of Moles of a Specific Species foo = ITS-90 Temperature
= Pressure hRrreadng = Measured Isothermal Region Temperature

Control Gas Pressure firpredicted = Predicted Isothermal Region Temperature
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t = Time

U = Internal Energy

V' = Volume

Vi = Velocity in i Coordinate

O = Heat Generation Rate per Unit Mass
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Fig. 1 Schematic of a three-zone furnace
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Table 1 Comparison of the traditional temperature control apparatuses

Apparatus Furnace Bath Chamber
Parameter
Range Wide Mo'de.rately Limited
limited
Speed Moderate Poor Moderate
Uniformity Moderate Excellent Poor
Stability Moderate Excellent Poor
o} Gedart Mo 427 (Humid Aing WiEE A}
shul, 9144 5L oprjstel B1k LEAlOlo] ST B

42 SRR FA0] Be 1Y 2 AES 7 )

HlEA WE AZE SEAS Saehs

oft). WeaRe] A9 ME Pt APH L=

A A8, S5t il 49 B g Aok
oRE Y] g thil, FeYLERe 49

1o

il

Lol A pR oo N o uf oo 3o
18
_1>~1

Iz

W UES AR B€el 719 S50l AESHER Ay B

W eE FAE W PEE 4] 5 2EAl] WAl w3

B OR Q5S4 Zhth. ofd) Table 12 ole} g

EH0l A5 AFAo] YA LEAo]7)715Y B &
SO, LEAlS] S, LE AR, L& PR Zio|

Ak viet Zol Asa gakAlo] 71vr 2EA 07« Y
717 2EA0le] £ W AdE 2540 UdE SHOA
Z¥zy gAIeE Aok 274 7RI 9lor, ol Aok F&
2=Alo] i EA(EE )9 [kt 240 71Qlget &
oM AdE 2= H#U=E A= ey HE
9 s NS oA 7]Egt vief o] Hr|=E S A
A 1L 2rAo] 2EAtulE of7|shs a9l A 3k =¥
T2 E50] 7= 3 GAEEe 7|J%i). AA|, Sy
g2njEo] dHEEE 22k oF 400 Wm'K! 2 200 Wm 'K

o], 12 ZEAlofo] AMEER= Ni g AlEe] Ei=Es
oF 15 Wm''K'of] 220tk AollA 2] 37 Wf 2=ufe]
Ao FHodHo|c). o]a—]z‘f]— %xlo L3315k

2| (Two-Phase Heat Transfer Dev1ce)% 3| E m}o|Z(Heat Pipe)
A7|1Re] 52 B5 4l ARgShE 71&0] 19764 Bassini®’
of oJs) Aok= et

S1E golsi WaE 7] ol U] AFRAE 7
sto] 5o AERAl7F Fsha I (Thermodynamic
Saturated State)® A= =2 1QtE Ax|olt}. o]t F|E

o|n Gl ozi il

H _l

Liquid

[ Vapor Phase =>> Vapor Flow
[ Liquid Phase => Liquid Flow
=) Heat Flow

Fig. 4 Schematic of a conventional heat pipe

Working space

Wick ~|

Heater /

Liquid saturated wick
[ Liquid phase
[ Vapor phase

Fig. 5 Schematic of a heat pipe-based furnace
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Fig. 15 Typical example of the hydraulic operating temperature control
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Table 2 Comparison of the gas-controlled heat pipe and the pressure-
controlled loop heat pipe in the context of the temperature
control

Apparatus  Gas-controlled Pressure-controlled

Parameter heat pipe loop heat pipe
Range Limited Wide
Speed Slow Fast (Instantaneous)
Stability Excellent Moderate
Uniformity Excellent Moderate
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