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1. Introduction

The critical heat flux in case of forced convective boiling
is a phenomenon that has been thought as one of the most
important parameter in designing and operating the heat
transfer equipments. The regime has been adopted in a lot
of applications including nuclear power plants, fossil
power plants, steam generators, refrigeration systems and
spray cooling, In particular, this regime has a considerable
importance in the areas of light water reactor (LWR)
accident analysis and design in heat exchangers operating
in the once-through mode where subcooled liquid enters
the exchanger and superheated vapor exits. Although
many aspects of CHF have been studied to understand the
phenomena and predict the CHF condition for the
expected equipments, experimental investigations are
usually limited to the simplified geometry due to the high
complexity of the test facility. [1]

Recently, innovative PWRs adopt very high power
density increases and so require increased safety margins.
Therefore, it requires improved knowledge of heat
transfer in the region which is extremely important to
safety analysis and assessments. Even though actual PWR
fuel geometry is a type of bundle with rods, an annular
geometry with only single rod called as one-rod bundle is
more attractive than circular tube geometry with inside
flow in simulating and understanding various CHF
phenomena even including enhancement techniques like
grid and vane. In addition, it has another merit to adopt
visualization strategy for understanding heat transfer
mechanisms.[2] Ozone-safe Refrigerant 134a is being
widely used due to its low latent heat and low boiling
temperature as a simulation fluid of high pressure- high
temperature water condition because actual water test in
the extreme conditions is significantly difficult [3].
Therefore, the main objective of this study is to provide
an R-134a CHF database and to investigate the CHF
characteristics of the R134a flowing upward in an annulus
channel.

2. Experimental Method

An experimental study will be carried out in R-134a
thermal-hydraulic loop of KAIST to investigate the
effects of a spacer grid in an annulus flow channel with a
rod. The experimental loop consists of a closed R-134a
flow loop with test section, pump, mass flow meter,
pressurizer (accumulator and N, gas bottle), pre-heater,

chiller (cooling of R134a fluid using refrigerant gas),
auxiliary device (vacuum pump removing moisture for
purity and chiller pump) and other instrumentation.
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Figure 2. Schematic diagram of the test section

The test section consists of a body of a inner
rectangular flow channel of 19x19 mm” and single heater
rod with outer diameter of 9.5 mm, and six K-type
thermocouples, whose sheath diameter is 0.5 mm, are



embedded in the cladding of the heater rod to measure the
wall temperature. The length from the bottom end of
heated section to each thermocouple is 920, 1320, 1520,
1720, 1800, 1820 mm, respectively [4]. For the
measurement of fluid temperature, four K-type
thermocouples are installed in the annulus flow channel
and four pressure taps are drilled at the flange. The rod
over a length of 1830 mm is indirectly heated by a heat
element heated directly. Power shape of the heater rod is
uniform throughout the heated section. The schematic
diagrams of test loop and the test section are shown in
Figs. 1 and 2, respectively. In particular, for observation
of characteristic heat transfer phenomena, visual windows
are installed in the exit part including the last spacer.

3. Experiment

In the present study experiments were conducted for
the refrigerant mass flux varying from 100 to 600 kg/m’s,
the pressure of 11.6, 16, and 20 bar and the subcooling
temperature from 23 to 40°C. The following table shows
the test condition.

Tablel. Test condition

Experimental parameter Experimented condition
Pressure [bar] 11.6, 16, 20
Mass flux [kg/m’s] 100 ~ 600
Tin [°C] 23 ~40
A Location of K-type 920,1320,1520,1720,
thermocouples [mm] 1800,1820
Heated length [mm)] 1830

The results of the present works represent the
characteristics of the flow boiling heat transfer for R-134a
in an annular channel by presenting the critical heat flux.
In particular, Fig. 3 shows the effect of the inlet
subcooling on the R-134a flow CHF while Fig. 4 shows
the trend of CHF data for different mass flux and
pressures. The data for a fixed pressure reveals that the
critical heat flux decreases almost linear as the subcooling
temperature increases. These trends agree with the general
understanding in the water.

4. Conclusion

An experimental study of the critical heat flux (CHF)
using R-134a in uniformly heated vertical tube was
performed in case of annular channel. Experimental data
on the temperature of R-134a flow in an annulus channel
have been obtained. The parametric trends of the CHF
show a general agreement with previous studies. In future,
we will add the works related to not only CHF including a
comparison with water data using a fluid-to-fluid model
but also Post-CHF.
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Figure 3. Effect of inlet subcooling on CHF of R-134a in
vertical tube ( mass flux : 600 and 300 kg/mzs )
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Figure 4. Effect of inlet subcooling on CHF of R-134a in
vertical tube ( outlet pressure : 16 bar and 11.6 bar )
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