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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
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Fig. 13 Scheme of the pressure-controlled loop heat pipe'® (Accessed
from Ref. 19 with permission)
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Fig. 15 Typical example of the hydraulic operating temperature control
of the pressure-controlled loop heat pipe'® (Accessed from Ref.
19 with permission)

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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