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ABSTRACT

The thermal transmission coefficient for a micro-ribbed tube has been determined using theoretical relationships
and the outcomes of such calculations have been compared with experiments conducted using a R1234yf refrig-
erant undergoing condensation. In particular four theoretical single-phase flow and three multi-phase flow mod-
els have been used in this regard. The experimental results show that: the Oliver et al. criterion equation
overestimates the experimental results as its accuracy is significantly affected by the specific conditions realized
inside micro-fin tubes; the Miyara et al. criterion equation prediction error is less than 15%; the Cavallini et al.
approach gives the highest prediction accuracy; the Goto et al. model overestimates the test data. Such results are
critically discussed and some indications for the improvement of such models are provided.
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1 Introduction

The most effective approach to provide the key to the energy problem in China is to enhance the energy
utilization rate and save energy [1,2]. Most of the energy utilization has been realized by heat energy and
various heat-exchange facility, and enhanced conduction of heat can improve the thermal performance of
conduction of heat equipment, to reduce the temperature difference of conduction of heat and cut down
the power dissipation of pumps, so boosted thermal transmission plays a key role in energy saving and
improving energy utilization.

Although diverse enhanced pipes have been widely employed in the field of refrigeration and air
conditioning, the heat exchange components, such as condenser and evaporator, are still the largest energy
loss components in the refrigeration system. Therefore, the research on the development of efficient heat-
exchange facilities is still the focus of the majority of scholars and has made gratifying achievements.

On account of the CO2 condensation conduction of heat experiment in the supercritical zone, Tao et al.
[3] and Zhou [4] compared and analyzed the prediction effect of the conduction of heat dimensionless
criterion equation. In order to obtain the conduction of heat characteristics under different flow patterns,
Chen et al. [5,6] ran R134a flow condensation experiments in two different kinds of micro-finned tubes
based on the test data, not only the boundary of annular flow and stratified flow had been redivided, but
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also the relational approach of annular flow conduction of heat had been regressed, so that it could fully
predict the conduction of heat ratio under the corresponding working conditions with high accuracy.

In addition, according to the pool boiling conduction of heat experiment, Liu et al. [7] fitted a segmented
conduction of heat relational approach for the conduction of heat performance under different heat flux
conditions in the pool boiling conduction of heat process, and the new fitted relational approach showed
a better prediction effect on the conduction of heat effect in the pipe.

Compared with the research in China, the experimental and theoretical analysis of condensation
conduction of heat by scholars from other countries is more comprehensive. Tokhtarov et al. [8] reported
the results of several experiments performed on a two-phase current in an open channel. The results
confirmed the complexity of the two-phase current distribution phenomenon and the difficulty of how the
converters were distributed in a multi-channel channel system; Mahvi et al. [9] investigated how heat is
transferred between the converters and how the exchangers are distributed in the open channel during the
two phases. From one point of view, the studies performed on pipes can be classified into two categories
of experiments performed on large-scale and small-scale pipes. Esposito et al. [10] investigated the effect
of flow maldistribution in cross-flow heat exchangers. In recent years, the use of compact heat exchangers
for single and two-phase applications has increased in the process industry [11].

Based on Cavallini et al. [12], Shah [13], Jung et al. [14], Thome et al. [15], Kedzierski et al. [16] and
Tang et al. [17], which are suitable for the condensation conduction of heat in the pipe with internal thread,
the dimensionless criterion equation for prediction of condensation conduction of heat with internal threads
have been developed. In addition, with the wide application of the herringbone tubes, the corresponding
theoretical calculation model also appeared [18,19]. By concentrating on the combined effect of
convection current for thermal transmission and entropy production analysis on combustion synthesis
solution, Krishnan et al. [18] derived magnesia (17 nm) nanoparticles scattered in glycol-water and
ethylene (50:50) traversing a micro-ribbed pipe heat-exchanging unit. Kedzierski et al. [19] presented
fanning grating determinant measurements in a micro-ribbed pipe for R134a, and two probable low
greenhouse effect potential refrigerants R1234yf and R450A took the place of R134a, made further
efforts to develop thermal conductivity of local convection current boiling.

In summary, although there are more than a few experimental and theoretical studies on heat interchange
characteristics in thermal transmission tubes, most of the theoretical models were based on the old refrigerants,
and the prediction accuracy of the new refrigerants is not much analyzed by the relevant theoretical models. For
the condensation conduction of heat in the micro-ribbed pipe, the physical properties of refrigerant, the
structure of the micro-ribbed pipe, and the experimental conditions will be provided with a significant
standing on the conduction of heat characteristics in the tube. As a result, the use of many existing criterion
equations for condensation conduction of heat in the micro fin tube is extremely limited, and there is almost
no universal criterion equation that can realize the whole condensation conduction of the heat process.
Therefore, based on the R1234yf condensation conduction of heat experiment in the internal thread tube,
the commonly used heat conduction criterion equation has to have its practicability checked in this paper. A
more reasonable criterion equation for evaluating single-phase and multiphase flow is given. The check
results not only provide guidance for the future research and development of an efficient heat exchanger,
but they also can provide direction for improving the relational approach. Furthermore, the results can
provide further theoretical bases and practical support for the design of a proper heat exchanger.

2 Experimental Device

As manifested in Fig. 1, the diphasic refrigerant stored in the liquid reservoir flows to the preheating
section by mean of the mass rate-of-flow meter driven by the refrigerant pump. In the preheating section,
the accurate control of the refrigerant dryness at the inlet of the test section is realized by transforming
the electric heating voltage and current, the refrigerant exchanges heat with the chilled water in the test
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section to complete the condensation experiment, and the refrigerant is throttled and depressurized by the
electronic expansion valve flows into the condensation section for supercooling treatment. Finally, it
flows into the reservoir for the next cycle.

The temperature of the refrigerant and cooling water in the PT100 platinum resistance measuring system
with an accuracy of 0.1oC is selected; the pressure of refrigerant in the system is setting-out by using the
Guangtong AST4000 pressure sensor with an accuracy of 0.5%; KLB-CMFI Coriolis mass fluid meter is
employed to determine the refrigerant circulation flow, its measurement accuracy is 0.2%, and the
measurement range is 0.12 m3/h–450 m3/h.

In the experiment, the programmable logic controller (PLC) transmits the system’s temperature,
pressure, flow, and other signals to the configuration software to realize the data acquisition of the upper
computer and then to realize the processing of the experimental data.

When running the R1234yf flow condensation conduction of heat experiment in the pipe, the
experimental conditions are set as bellow:

The mass flow rate range of refrigerant is 500–1000 kg/(m2⋅s); the condensation temperature is 40oC,
43oC, 45oC; the dryness of the refrigerant at the outlet and inlet of the test pipe is 0.8–0.9 and 0.2–
0.3, respectively. Four types of micro rib tubes are selected as the test tubes, with the tip angle of 40o, the
number of ribs of 60, and the length of heat exchange of 2500 mm. See Table 1 for other specific
structural parameters. Physical parameters of the R1234yf refrigerant are shown in Table 2.

Figure 1: Diagram of the testing device

Table 1: Structure parameters of conduction of heat tube

Number No. 1 No. 2 No. 3 No. 4

Internal diameter (mm) 3.5 3.5 5.0 5.0

Helix angle 8� 15� 8� 15�

Rib height (mm) 0.20 0.25 0.20 0.25

Pitch (mm) 0.183 0.183 0.262 0.262

Alveolar width (mm) 0.049 0.049 0.071 0.071
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3 Experimental Data Processing

In the condensation experiment, the dryness values of the refrigerants at the outlet (xout) and at the intlet
(xin) of the micro-ribbed tube are controlled by the electric heating quantity Qp and the heat absorption
quantity Qw in the preheating section, respectively, in addition, the arithmetic mean values of xin and xout
are selected as the calculation standard of the refrigerant dryness in the micro rib tube, that is:

x ¼ xin þ xoutð Þ=2 (1)

Dryness value of refrigerant at the inlet of micro rib tube xin:

xin ¼ UI � mr hs � h1ð Þð Þ=mrhfg (2)

where: U/I is the electric heating voltage and current in the preheating section, V/A; hs is the saturated liquid
enthalpy of the refrigerant under the specific pressure, kJ/kg; h1 is the refrigerant enthalpy in the entrance of
the preheating segment, kJ/kg; hfg is the latent heat of the refrigerant under the specific pressure, kJ/kg; mr is
the refrigerant mass flow, kg/s.

Heat absorption of chilled water Qw:

Qw ¼ Cpmw T6 � T5ð Þ (3)

where: Cp is the specific heat capacity at a constant pressure of chilled water, J/(kg⋅oC); mw is the circulating
flow of chilled water, kg/s; T5/T6 is the temperature of chilled water at the exit and entrance of test
segment, �C.

The change value Dx of the refrigerant dryness in the micro-ribbed tube is:

Dx ¼ Qw=mwhfg (4)

The thermal resistance separation method is taken to calculate the conduction of heat ratio in the tube.
The conduction of heat resistance between the refrigerant and the chilled water mainly includes the heat
resistance on the chilled water side, the heat resistance on the refrigerant side as well as the heat
resistance on the tube wall [20], that is:

1=hrAi ¼ 1=KA0 � 1=hwA0 � Rw (5)

Table 2: Physical parameters of the R1234yf refrigerant

Physical parameters Value

Boiling point (1atm), 0�C −30

Density g/cm3 1.1

Saturated vapor pressure (25�C), kPa 6,067 hPa

Ozone destroying potential (ODP) 0

Global warming potential (GWP, 100 yr) 0

ASHRAE Security level A1(Non toxic and nonflammable)

Thermal conductivity of liquid (mW/(m⋅K)) 63.585

Specific heat of liquid (25�C), kJ/(kg⋅�C) 1.392

Liquid viscosity (25�C), mPa⋅s 0.156
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Total thermal transmission coefficient of test section K:

K ¼ Qw=A0DT (6)

In the formula, DT is the logarithmic mean temperature difference the refrigerant temperature in the
outlet and entrance of the micro-ribbed tube, �C; in the calculation, Ts is calculated according to the
saturation temperature, �C.

The coefficient of conduction of heat of the chilled water in the annular tube is calculated by the
relational approach of Gnielinski et al. [21].

hw ¼ kw
da

f =2ð Þ Re� 1000ð Þ Pr
1þ 12:7 f =2ð Þ0:5 Pr2=3 � 1

� � lbulk
lw

� �0:14

(7)

thermal transmission coefficient of refrigerant in pipe of combined formulas (5)–(7):

1=hr ¼ Ai � 1=KAo � 1=hwAo � Rwð Þ (8)

4 Verification of the Experimental Platform

In order to guarantee the accuracy of the measured arguments, before the diphasic conduction of heat
experiment, R1234yf single-phase flow condensation conduction of heat experiment was carried out in a
smooth tube with an internal diameter of 3.5 mm. The specific working conditions are: mass flow rate is
400–1100 kg/(m2⋅s), the refrigerant temperature at the outlet and inlet of the heat exchange tube is
30�C/50�C. Finally, the Nusselt number (Nu) experimental value is compared with Gnielinski’s calculated
value [21]; the comparison results are as shown in Fig. 2: the experimental value of the Nusselt number
(Nu) is highly consistent with the calculated value of the relational formula, with the maximum error is
6.30% and an average error of 3.29%. The results meet the requirements of experimental data measurement.

Figure 2: Comparison between the experimental value and single phase flow relational approach calculated
value
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5 Analysis of Experimental Data

The fitting mechanism of the relational approach of thermal transmission coefficient is mainly as
follows: using similarity principle or dimensional analysis method, all influencing factors are summed up
as dimensional criteria. Finally, the relationship between the calculation relational approach formula and
dimensional criteria is determined by experiments.

According to the assumption of the relational approach to the conduction of heat mechanism of the fluid
in the pipe, the relational approach of the thermal transmission coefficient can be divided into two categories:
The single flow model as well as the multi-phase flow model. The single flow model assumes that the
diphasic flow pattern in the tube is single flow pattern, which is not affected by the experimental
conditions (similar to the homogeneous model in the pressure drop relational approach); The multiphase
flow model calculates the conduction of heat in different regions of the tube.

According to the conduction of heat mechanism under different flow models, the conduction of heat
effect in the tube under different flow patterns is fully considered (similar to the phase separation model
in the pressure drop relational approach).

Under the experimental condition, when the mixing effect of diphasic flow in the pipe is imprecision, the
single flow model’s prediction effect on the pipe’s thermal transmission coefficient is inaccurate. The
comprehensive consideration of multiphase flow model on the conduction of heat mechanism in the pipe
can realize the high-precision prediction of the thermal transmission coefficient in the pipe.

In this paper, four single-phase flow models, Cavallini et al. relational approach [22], Oliver et al.
relational approach [23], Tang et al. relational approach [17], Kedzierski et al. relational approach [16], as
well as three multiphase flow models, Koyama et al. relational approach [24], Miyara et al. relational
approach [25] and Goto et al. relational approach [26], are put into use to predict the thermal
transmission coefficient in the micro-ribbed tube, at the same time of comparing different relational
approach prediction effects, the paper analyzes the relational approach prediction effects from the
perspective of relational approach fitting mechanism.

5.1 Single Phase Flow Relational Approach Prediction Effect Analysis
Cavallini et al. relational approach [12] is an improvementof Cavallini-Zecchin’s relational approach

[27], which can be used to predict the internal thermal transmission coefficient of the micro-ribbed tube’
Oliver et al. relational approach [23] is an improved relational approach of Cavallini et al. [12], which is
mainly employed to predict the thermal transmission coefficient of stratified flow and annular flow in the
micro fin tube. Four dimensionless variables, Reeq (equivalent Reynolds number), Bo (bond number), Fr
(Froude numberand) and Rx (shape strengthening factor), are put into use to characterize the effects of
experimental conditions, refrigerant physical properties and structural parameters of micro-ribbed tube on
the conduction of heat characteristics in the tube:

Reeq ¼ 4m 1� xþ x qL=qVð Þ0:5
� �� �

=pDilL (9)

Bo ¼ gqLepDi=8nr (10)

Fr ¼ u2vo=gDi (11)

Rx ¼ 2en 1� sin b=2ð Þ=pDi cos b=2ð Þ þ 1ð Þ cos bð Þð Þ�1 (12)

In the formula, Reeq represents the turbulent effect of two-phase flow in the pipe under different mass
flow; Bond number (Bo) and Froude number (Fr) indicate the comprehensive effect of shear force,
gravity and surface tension on the conduction of heat in the tube, respectively; Rx indicates the augment
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results of two factors, the disturbance of helical angle of fins and the increase of conduction of heat area to the
diphasic flow.

Cavallini et al. relational approach [12]:

Nu ¼ 0:05Re0:8eq Pr1=3L Bo� Frð ÞtRxs (13)

Oliver et al. relational approach [23]:

Nu ¼ 0:05Reseq Pr
1=3
L TF Bo� ln Frð Þð Þ�0:26Rx2 (14)

The prediction effect of Oliver et al. relational approach [23] and Cavallini et al. relational approach [12]
on the thermal transmission coefficient in the tube is shown in Fig. 3. It can be caught sight of from the figure
that although Cavallini et al. relational approach [12] overestimates 94.3% of the value of the thermal
transmission coefficient in the pipe, the prediction effect of the relational approach is perfected. The error
range between the calculated value of the relational approach and the test value of the thermal
transmission coefficient is −9.04%∼41.01%, and the average error of the two is 15.31%, as shown in Fig. 3a.

Oliver et al. relational approach [23] overestimates all the thermal transmission coefficients in the tube,
and the experimental conditions, structural parameters, and other variables will possess a significant position
on the prediction accuracy of Oliver et al. relational approach [23]. Among them, Oliver et al. relational
approach [23] have a relatively high prediction accuracy for the thermal transmission coefficients of
No. 1 and No. 3 tubes; that is, with the increase of the spiral angle of the fins, the prediction error of
Oliver et al. relational approach [23] gradually increases, and the error range between the calculated value
of the relational approach and the experimental value of thermal transmission coefficient is
1.07%∼79.56%, with an average error of 35.12%, as shown in Fig. 3b.

Although Tang et al. relational approach [17] and Kedzierski et al. relational approach [16] are improved
based on the relational approach of thermal transmission coefficients in different smooth tubes, both of them

Figure 3: Comparison between the experimental value and single phase flow relational approach calculated
value
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use the hydraulic diameter Dh to characterize the effect of rib structure parameters on the turbulence intensity
of two-phase flow in the tube, and use the pressure ratio (Pr/Pc) to characterize the conduction of heat
mechanism of diphasic flow in the main pipe [28].

Tang et al. relational approach [17]:

Nu ¼ 0:0023Reld Pr
0:4
l C þ a x= 1� xð Þð Þ � ln Prdð Þnð Þ (15)

Kedzierski et al. relational approach [16]:

Nu ¼ 4:94Reb1l Prb3l Pr=Pcð Þb4 � lg Pr=Pcð Þð Þb5Sb6v (16)

where: β1 = 0.235; β3 = 0.308; β4 = −1.16x2; β5 = −0.887x2; β6 = 2.708x.

In addition, Tang et al. [17] determined the coefficients a, C, d, and n, respectively, according to different
structural parameters of heat exchange tubes. For the experimental heat exchange tubes in this paper, a =
210.19, C = 24, d = 0.48, n = 0.72. Kedzierski et al. relational approach [16] not only uses the
dimensionless specific volume Sv to characterize the gas-liquid distribution of the diphasic flow in the
pipe and the dimensionless index β to characterize the conduction of heat effect of the diphasic flow in
the pipe under different dryness conditions.

With regard to the thermal transmission coefficient in the tube, the prediction effects of Tang et al.
relational approach [17] and Kedzierski et al. relational approach [16] are shown in Fig. 4. It could be
demonstrated from the figure that both of them have the same prediction effects on the thermal
transmission coefficient in the tube, i.e., the prediction error of relational approach increases with the
raising of mass flow, this is because: with the up-grading of mass flow rate, the conduction of heat
enhancement effect caused by the turbulence of diphasic flow in the tube, the fin disturbance gradually
replaces the conduction of heat enhancement effects, the acceleration of condensate discharge and the
surface tension, that is, the hydraulic diameter Dh and Reynolds number Rel in the relational approach
formula can not fully represent the turbulence enhancement effect caused by the turbulence of two-phase
flow in the tube, the fin disturbance and the increase of mass flow rate. Therefore, the conduction of heat
effect in the pipe is underestimated. In addition, the prediction accuracy of Kedzierski et al. relational
approach [16] is greatly affected by the structure of the heat exchange tube and the prediction effect of
Kedzierski et al. relational approach [16] on No. 3/4 micro-ribbed tube is significantly higher than that of
No. 1/2 micro-ribbed tube. Through calculation and comparison, the error range between the calculated
value of Tang et al. as well as Kedzierski et al. [16] and the test value of thermal transmission coefficient
is −49.42%∼15.41% and −43.46%∼41.76%, respectively, and the mean error of the two is −20.95% and
−7.75%, respectively.

5.2 Prediction Effect Analysis of Multiphase Flow Relational Approach
Multiphase flow relational approaches are mostly adopted to foretell the thermal transmission coefficient

of two-phase flow in stratified flow and annular flow with the obvious gas-liquid distribution. It is assumed
that the conduction of heat forms in the pipe mainly includes film condensation conduction of heat between
gas-liquid surfaces and forced convection conduction of heat in the liquid film. Many scholars have analyzed
the influence of structural parameters and experimental conditions on the turbulence of two-phase flow, and
the influence of variables on the forced convection conduction of heat mechanism was developed.

Based on Eq. (17) and the experimental values of thermal transmission coefficient in different types of
enhanced tubes, The Koyama et al. relational approach [24], Miyara et al. relational approach [25] and Goto
et al. relational approach [26] are selected in this paper, all the expression form of forced convection Nusselt
number NuF is determined. Among them, the Koyama et al. relational approach [24] is mainly applicable to
the prediction of the thermal transmission coefficient in the internal screw pipe, while the Miyara et al.
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relational approach [25] is an improved relational approach of Koyama et al. relational approach [24], which
is mainly according to the experimental values of the condensation thermal transmission coefficient of
R22 and R410A two-phase flow in the herringbone tooth pipe to redetermine the expression of the
coefficient ΦV.

Nu ¼ Nu2F þ Nu2B
� �0:5

(17)

Figure 4: Comparison between the experimental value and single phase flow relational approach calculated
value

Koyama et al. relational approach [24] forced convection Nusselt number NuF:

NuF ¼ 0:152� 0:3þ 0:1Pr1:11

� �
Re0:681 �V=Xtt (18)

�V ¼ 1:1þ 1:3 GXtt=gdiqv ql � qvð Þ0:5
� �0:5

(19)

Miyara et al. relational approach [25] forced convection Nusselt number NuF:

NuF ¼ 0:152� Pr1Rð Þ0:7 �V=Xttð ÞRe0:41 (20)

�V ¼ 1:2þ 1:65 GXtt=gdiqv ql � qvð Þ0:5
� �0:5

(21)

Goto et al. [26] assumed that the coefficient ΦV is only a function of the parameter Xtt, and refits the
expression of NuF according to the experimental values of two-phase flow condensation thermal
transmission coefficient of R22 and R410A in the herringbone toothed tube with an external diameter of
8 mm and a mass flow range of 130–400 kg/(m2⋅s), namely:

Forced convection Nusselt number NuF:

NuF ¼ 2:34�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
f �V=Xttð Þ

p
ul=uvð Þ0:1 x= 1� xð Þð Þ0:1Re0:621 (22)
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�V ¼ 1:0þ 1:64X 0:79
tt (23)

The prediction effect of Koyama et al. relational approach, Miyara et al. relational approach [25] and Goto
et al. relational approach [26] on the thermal transmission coefficient in the micro-ribbed tube are shown in
Fig. 5, from the figures, it can be observed that Koyama et al. relational approach [24] can achieve high-
precision prediction of the thermal transmission coefficient in the tube, but the structural parameters of the
micro rib tube and the experimental conditions (such as condensation temperature) have a great influence
on the calculation accuracy of the relational approach. The error range between the calculated value of
Koyama et al. relational approach [24] and the experimental value of the thermal transmission coefficient is
−20.21%∼53.86%, and the average error of the two is 12.97%, as shown in Fig. 5a.

Figure 5: comparison between the experimental value and multiple phase flow relational approach
calculated value
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For the internal thermal transmission coefficient of internal thread pipe, the relational approach of
Miyara et al. [25] shows a good prediction effect, which is inconsistent with the test results of Miyara
et al. [25], the internal thermal transmission coefficient of internal thread pipe is smaller than that of
herringbone tooth pipe. Due to the non-visualization of the heat exchange tube, it is still uncertain that
the diphasic flow mechanisms in the herringbone pipe and the internal thread pipe are different, but the
different flow mechanisms are to enhance the heat exchange effect by enhancing the diphasic flow
turbulence in the tube. The enhancement action of the herringbone rib on the turbulence is obviously due
to the spiral rib.

In this paper, the enhancement effect of mass flow and fins on the turbulence intensity of two-phase flow
weakens the gap between the flow mechanisms caused by different fins, which makes the prediction effect of
Miyara et al. relational approach [25] contrary to the experimental results. However, this does not mean that
Miyara et al. relational approach [25] is also suitable for the prediction of thermal transmission coefficient in
internal screw pipe. The error range between the calculated value of Miyara et al. relational approach [25] and
the test value of thermal transmission coefficient is −26.98%∼30.95%, and the average error of the two is
0.64%, as shown in Fig. 5b.

Goto et al. relational approach [26] overestimates 94.6% of the thermal transmission coefficient in the
tube, that is, the relational approach prediction results are consistent with the test data, and the relational
approach prediction accuracy has a great influence on the structure characteristic parameter of the heat-
exchange tube. Goto et al. relational approach [26] prediction accuracy increases with the augment of the
radius of the heat exchange tube and the decrease of the spiral angle of the fins. The error range between
Goto et al. relational approach [26] calculation results and the experimental results of the thermal
transmission coefficient is −13.18%∼101.37%, the average of the two. The error is 37.84%, as shown in
Fig. 5c.

MRDð%Þ ¼ 1

n

Xn
i¼1

ypred � yexp
yexp

 !
� 100 (24)

MARDð%Þ ¼ 1

n

Xn
i¼1

ypred � yexp
yexp

				
				

 !
� 100 (25)

For the above relational approach, this paper selects the mean error (MRD) and mean absolute error
(MAR) to evaluate the prediction effect of the relational approach. The specific prediction errors of each
relational approach are listed in Table 3.

Table 3: The prediction error of relational approach

Relational approach formula Error range MRD MARD

Cavallini et al. [12] −46.36%∼9.31% 15.31% 16.31%

Oliver et al. [23] 1.07%∼79.56% 35.12% 35.12%

Tang et al. [17] −49.42%∼15.41% −20.95% 21.87%

Kedzierski et al. [16] −43.46%∼41.76% −7.75% 15.51%

Koyama et al. [24] −20.21%∼53.86% 12.97% 18.01%

Miyara et al. [25] −26.98%∼30.95% 0.64% 10.51%

Goto et al. [26] −13.18%∼101.37% 37.84% 38.63%
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6 Conclusion

Based on the R1234yf flow condensation conduction of heat experiment in the internal thread tube, the
prediction ability of the commonly used prediction relational approach of thermal transmission coefficient in
the strengthened tube is checked, and the prediction accuracy is analyzed from the relational approach fitting
mechanism. The main conclusions are as follows:

(1) For the single-phase flow relational approach, Cavallini et al. relational approach [12] showed
significant advantages, with an average prediction error of 15.31%, while Oliver et al. relational
approach [23] overestimate all experimental results. Oliver et al.’s relational approach’s [23]
prediction accuracy is greatly affected by the structure characteristic parameter of micro-ribbed
pipes and experimental conditions. In addition, the prediction error of Tang et al. relational
approach [17] and Kedzierski et al. relational approach [16] increases with the improvement of
mass flow rate, which could not achieve the higher precision prediction of thermal transmission
coefficient in the pipe.

(2) The prediction effect of Tang et al. relational approach [17] and Kedzierski et al. relational approach
[16] on the thermal transmission coefficient in the tube could be demonstrated from the figure that
both of them have the same prediction effect on the thermal transmission coefficient in the tube.

(3) For the multi-phase flow relational approach, Koyama et al. relational approach [24] and Miyara
et al. relational approach [25] showed better prediction results, with prediction errors of less than
20%; while Goto et al. relational approach [26] overestimates the test results, and the prediction
results are completely consistent with the experimental comparison results.

(4) The prediction effect of Koyama et al. relational approach [24], Miyara et al. relational approach
[25], and Goto et al. relational approach [26] on the thermal transmission coefficient in the
micro-ribbed tube can be observed that Koyama et al. relational approach [24] can achieve high-
precision prediction of the thermal transmission coefficient in the tube. Still, the structural
parameters of the micro rib tube and the experimental conditions (such as condensation
temperature) have a great influence on the calculation accuracy of the relational approach.

(5) Based on the R1234yf condensation conduction of heat experiment in the internal thread tube, this
paper checks the practicability of the commonly used conduction of heat relational approach. The
check results not only provide guidance for the research and development of efficient heat
exchanger, but also provide direction for improving the relational approach. Furthermore, it can
provide a theoretical basis and practical support for an improved heat exchanger design.
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