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Abstract 

This paper presents an extensive study of selected heat-transfer correlations applicable to supercritical 
water flowing upward in vertical bare tubes. A comprehensive combined dataset was collected from 
33 papers by 27 authors including more than 125 graphs within a wide range of parameters. These 
ranges are: pressures 22.5 — 34.5 MPa, inlet temperatures 85 — 350°C, mass fluxes 250 — 3400 kg/m2s, 
heat fluxes 75 — 5400 kW/m2 and tube lengths 0.6 — 27.4 m. This combined dataset was investigated 
and analyzed. Heat Transfer Coefficients (HTCs) and wall temperatures were calculated using several 
selected correlations and compared to the experimental data. 

Two of the most widely used correlations and a more recently developed one were chosen for this 
comparison: modified Bishop et al. correlation (1964), Swenson et al. correlation (1965) and Mokry et 
al. correlation (2009). The main objective of the study was to find the best correlation for supercritical 
water heat transfer in bare tubes, which might also be used for preliminary calculations of fuel bundles 
as a conservative approach. The examined correlations are intended for normal and improved heat-
transfer regimes. 

The comparison shows that the Bishop et al. correlation deviates quite significantly from the 
experimental data within some flow conditions. On the other hand, the Swenson et al. and Mokry et al. 
correlations show a significantly better fit within most of the examined operating conditions. 

1. Introduction 

New Nuclear Power Plants (NPPs) with Generation-IV pressure-channel water-cooled reactor concepts 
being developed at AECL (Canada) [1] and at IPPE (Russia) [2] have the main design objective of 
achieving higher thermal efficiencies comparable with that of advanced thermal power plants [3-5]. 
The major contribution to this thermal-efficiency increase would come from boosting the outlet coolant 
temperature and operating pressure above the critical parameters of water (374°C and 22 MPa). 

SuperCritical Water-cooled nuclear Reactors (SCWRs) are intended to increase the coolant pressure 
from the existing 10 — 16 MPa to about 25 MPa, the inlet temperature to about 350°C and the outlet 
temperature to 625°C. The coolant would pass through its pseudocritical point before reaching the 
channel outlet, and this may result in 3 regimes for forced-convective heat transfer to water: (1) Normal 
Heat-Transfer (NHT) regime characterized in general with Heat Transfer Coefficient (HTC) values 
similar to those of subcritical convective heat transfer far from critical or pseudocritical regions; 
(2) Deteriorated Heat-Transfer (DHT) regime with lower values of the HTC and hence, higher values 
of wall temperature within some part of a test section compared to those of the NHT regime; and 
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Abstract 

This paper presents an extensive study of selected heat-transfer correlations applicable to supercritical 
water flowing upward in vertical bare tubes.  A comprehensive combined dataset was collected from 
33 papers by 27 authors including more than 125 graphs within a wide range of parameters.  These 
ranges are: pressures 22.5 – 34.5 MPa, inlet temperatures 85 – 350oC, mass fluxes 250 – 3400 kg/m2s, 
heat fluxes 75 – 5400 kW/m2 and tube lengths 0.6 – 27.4 m.  This combined dataset was investigated 
and analyzed.  Heat Transfer Coefficients (HTCs) and wall temperatures were calculated using several 
selected correlations and compared to the experimental data.  

Two of the most widely used correlations and a more recently developed one were chosen for this 
comparison: modified Bishop et al. correlation (1964), Swenson et al. correlation (1965) and Mokry et 
al. correlation (2009).  The main objective of the study was to find the best correlation for supercritical 
water heat transfer in bare tubes, which might also be used for preliminary calculations of fuel bundles 
as a conservative approach.  The examined correlations are intended for normal and improved heat-
transfer regimes. 

The comparison shows that the Bishop et al. correlation deviates quite significantly from the 
experimental data within some flow conditions.  On the other hand, the Swenson et al. and Mokry et al. 
correlations show a significantly better fit within most of the examined operating conditions.  

1. Introduction 

New Nuclear Power Plants (NPPs) with Generation-IV pressure-channel water-cooled reactor concepts 
being developed at AECL (Canada) [1] and at IPPE (Russia) [2] have the main design objective of 
achieving higher thermal efficiencies comparable with that of advanced thermal power plants [3−5].  
The major contribution to this thermal-efficiency increase would come from boosting the outlet coolant 
temperature and operating pressure above the critical parameters of water (374ºC and 22 MPa). 

SuperCritical Water-cooled nuclear Reactors (SCWRs) are intended to increase the coolant pressure 
from the existing 10 – 16 MPa to about 25 MPa, the inlet temperature to about 350C and the outlet 
temperature to 625C.  The coolant would pass through its pseudocritical point before reaching the 
channel outlet, and this may result in 3 regimes for forced-convective heat transfer to water: (1) Normal 
Heat-Transfer (NHT) regime characterized in general with Heat Transfer Coefficient (HTC) values 
similar to those of subcritical convective heat transfer far from critical or pseudocritical regions; 
(2) Deteriorated Heat-Transfer (DHT) regime with lower values of the HTC and hence, higher values 
of wall temperature within some part of a test section compared to those of the NHT regime; and 
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(3) Improved Heat-Transfer (IHT) regime with higher values of the HTC and hence, lower values of 
wall temperature within some part of a test section compared to those of the NHT regime. 

It should be noted that in general, most existing heat-transfer correlations are capable of predicting 
HTCs only at the NHT and IHT regimes, but fail to predict HTCs at the DHT regime. Figure 1 shows 
several heat-transfer correlations for vertical bare tubes with upward flow of supercritical water at 
lower values of mass flux. 
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Figure 1 Temperature and HTC variations along vertical tube (4-m heated length and 

10-mm ID): Pin = 24.1 MPa, G = 203 kg/m2s, gave = 203 kW/m2, and qdht = 92 kW/m2 [6]. 

2. Existing correlations 

Two of the most widely used correlations and the latest one were chosen for this comparison: 
1) Bishop et al. correlation [14], 2) Swenson et al. correlation [15] and 3) Mokry et al. correlation [17]. 
All three of these correlations were obtained within the same range of operating conditions as those in 
SCWRs. 

Bishop et al. [3], [14] conducted experiments in supercritical water flowing upward inside bare tubes 
and annuli within the following range of operating parameters: pressure 22.8 — 27.6 MPa, bulk-fluid 
temperature 282 — 527°C, mass flux 651 — 3662 kg/m2s and heat flux 0.31 — 3.46 MW/m2. Their data 
for heat transfer in tubes were generalized using the following correlation with a fit of ±15%: 

\ 0.43 

Nub = 0.0069 Re°,;9Prr (1+ 2.4 —D) 
Pb ) X
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(3) Improved Heat-Transfer (IHT) regime with higher values of the HTC and hence, lower values of 
wall temperature within some part of a test section compared to those of the NHT regime. 

It should be noted that in general, most existing heat-transfer correlations are capable of predicting 
HTCs only at the NHT and IHT regimes, but fail to predict HTCs at the DHT regime.  Figure 1 shows 
several heat-transfer correlations for vertical bare tubes with upward flow of supercritical water at 
lower values of mass flux. 
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Figure 1 Temperature and HTC variations along vertical tube (4-m heated length and  

10-mm ID): Pin = 24.1 MPa, G = 203 kg/m2s, qave = 203 kW/m2, and qdht = 92 kW/m2 [6]. 

2. Existing correlations 

Two of the most widely used correlations and the latest one were chosen for this comparison: 
1) Bishop et al. correlation [14], 2) Swenson et al. correlation [15] and 3) Mokry et al. correlation [17].  
All three of these correlations were obtained within the same range of operating conditions as those in 
SCWRs.   

Bishop et al. [3], [14] conducted experiments in supercritical water flowing upward inside bare tubes 
and annuli within the following range of operating parameters: pressure 22.8 – 27.6 MPa, bulk-fluid 
temperature 282 – 527ºC, mass flux 651 – 3662 kg/m2s and heat flux 0.31 – 3.46 MW/m2.  Their data 
for heat transfer in tubes were generalized using the following correlation with a fit of ±15%: 
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This correlation was proposed in the early nineteen-sixties when experimental techniques were not at 
the same (advanced) level as they are today. Also, thermophysical properties of water have been 
updated since that time (for example, a peak in thermal conductivity in critical and pseudocritical 
points within a range of pressures from 22.1 — 25 MPa was not officially recognized until the nineties 
[3]). 

In the present verification, the Bishop et al. correlation was modified and used without the entrance-
region term, because this term depends significantly on a particular design of the inlet of bare test 
section: 

0.43 
Nub = 0.0069 Reb" 

pr 130.66 /Ow

lib 
(2) 

Swenson et al. [3], [15] found that conventional correlations, i.e., correlations in which the majority of 
thermophysical properties are based on a bulk-fluid temperature, did not work well and they suggested 
the following correlation: 

0.231 

Nuw = 0.00459 
Rewc923 pr Ow.613 p w

Pb 
(3) 

Equation (3) was obtained within the following range: P = 22.8 — 41.4 MPa, G = 542 — 2150 kg/m2s, 
7',,„ = 93 — 649°C and Tb = 75 — 576°C; and predicted experimental data within ±15%. Equation (3) 
provided a better fit for some experimental data than Equation (2). However, both of these correlations 
were obtained more than 45 years ago. Therefore, it was necessary to develop a new correlation, which 
would be based on latest experimental datasets. 

Recently, the modified Bishop et al. correlation was modified by Mokry et al. using an experimental 
dataset obtained in Russia by Kirillov with co-workers [6]. 

Nub = 0.0061Rer 
pr b 0.684 p w

Pb 

) 0.564 

(4) 

It should be noted again that these three correlations are used for predicting HTCs only at the NHT and 
IHT regimes and don't work at the DHT regime. For the DHT regime, an empirical correlation was 
proposed for heat-flux calculations at which the DHT regime appears (for details, see [7]): 

q dht = —58.97 + 0.745. G, kW/m2 (5) 

3. Correlations comparison 

For comparison of these correlations, experimental datasets were retrieved from graphs published in 
the open literature. The following figures show selected datasets and curves calculated with these three 
correlations. The graphs were put in ascending order with pressure first, and then mass and heat fluxes, 
respectively. The range of pressures used in this comparison was 24.1 — 26.5 MPa, mass fluxes 376 —
1260 kg/m2s and heat fluxes 233 — 698 kW/m2. Tube heated lengths and internal diameters varied 
widely also. A heat-flux value at which the DHT regime starts is shown in each graph for reference 
purposes. 
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the same (advanced) level as they are today.  Also, thermophysical properties of water have been 
updated since that time (for example, a peak in thermal conductivity in critical and pseudocritical 
points within a range of pressures from 22.1 – 25 MPa was not officially recognized until the nineties 
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region term, because this term depends significantly on a particular design of the inlet of bare test 
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Swenson et al. [3], [15] found that conventional correlations, i.e., correlations in which the majority of 
thermophysical properties are based on a bulk-fluid temperature, did not work well and they suggested 
the following correlation: 

 

231.0
613.0

w
923.0

ww PrRe00459.0Nu 









b

w




 (3) 

 

Equation (3) was obtained within the following range: P = 22.8 − 41.4 MPa, G = 542 − 2150 kg/m2s, 
Tw = 93 − 649oC and Tb = 75 − 576oC; and predicted experimental data within ±15%.  Equation (3) 
provided a better fit for some experimental data than Equation (2).  However, both of these correlations 
were obtained more than 45 years ago.  Therefore, it was necessary to develop a new correlation, which 
would be based on latest experimental datasets. 

Recently, the modified Bishop et al. correlation was modified by Mokry et al. using an experimental 
dataset obtained in Russia by Kirillov with co-workers [6]. 
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It should be noted again that these three correlations are used for predicting HTCs only at the NHT and 
IHT regimes and don’t work at the DHT regime.  For the DHT regime, an empirical correlation was 
proposed for heat-flux calculations at which the DHT regime appears (for details, see [7]): 
 

Gqdht  745.097.58 , kW/m2 (5) 

3. Correlations comparison 

For comparison of these correlations, experimental datasets were retrieved from graphs published in 
the open literature.  The following figures show selected datasets and curves calculated with these three 
correlations.  The graphs were put in ascending order with pressure first, and then mass and heat fluxes, 
respectively.  The range of pressures used in this comparison was 24.1 – 26.5 MPa, mass fluxes 376 – 
1260 kg/m2s and heat fluxes 233 – 698 kW/m2.  Tube heated lengths and internal diameters varied 
widely also.  A heat-flux value at which the DHT regime starts is shown in each graph for reference 
purposes.  
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Figure 2 Temperature and HTC variations along vertical tube (19-m heated length and 

38-mm ID): Pin = 24.1 MPa, G= 543 kg/m2s, and gave = 252 kW/m2 [8]. 
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38-mm ID): Pin = 24.1 MPa, G= 543 kg/m2s, a ,ave 316 kW/m2 [8]. 
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Figure 3 Temperature and HTC variations along vertical tube (16-m heated length and  

38-mm ID): Pin = 24.1 MPa, G = 543 kg/m2s, qave = 316 kW/m2 [8]. 
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Figure 4 Temperature and HTC variations along vertical tube (14-m heated length and 

38-mm ID): Pin = 24.1 MPa, G = 543 kg/m2s, and gave = 379 kW/m2 [8]. 
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Figure 5 Temperature and HTC variations along vertical tube (9-m heated length and 

16-mm ID): Pin = 24.5 MPa, G = 376 kg/m2s, and gave = 329 kW/m2 [9]. 
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The r d Canada-China Joint Workshop on Supercritical Water-Cooled Reactors (CCSC-2010) P25 
Toronto, Ontario, Canada, April 25-28, 2010 

Bulk-Fluid Enthalpy, kJ/kg 

500 

si 400 

111 = 300 

(T ) te 200 

I— 100 

0 

250 500 750 1000 1250 1500 1750 

P1  = 26.5 MPa 
D = 20.4 mm 
G = 493 kg/m2s 
q.= 362 kW/m2

cidht= 308 kW/m2

HPC = 1977kJ/kg 

Swenson et al. corr. 

Heat transfer coefficient 

Bishop et al. corr. Mokry et al. rr. 

T pc = 385°C 

ropecat,lcoSc' 
.aema"' •-• 

eveWve

i3k0c4‘Adtel\P
Heated length 

out 

0 1 2 3 4 5 6 7 8 9 10 

Axial Location, m 

8 E 

4 _se 

01-

Figure 12 Temperature and HTC variations along vertical tube (10-m heated length and 

20-mm ID): Pin = 26.5 MPa, G = 493 kg/m2s, and gave 362 kW/m2 [12]. 

The comparison shows that all three correlations predict the experimental data within a reasonable 
uncertainty at the NHT regime and at lower heat and mass fluxes. However, within the pseudocritical 
region the modified Bishop et al. correlation deviates significantly from the experimental data. On the 
other hand, the Swenson et al. and Mokry et al. correlations show a significantly better fit within most 
operating conditions. In the most studied cases, the Mokry et al. correlation showed a more 
conservative approach than the Swenson et al. correlation, by predicting lower HTCs and thus 
corresponding higher temperature values. 

4. Conclusions 

In this paper, a comprehensive study of selected heat-transfer correlations applicable to supercritical 
water flowing upward in vertical bare tubes has been conducted. A large combined dataset was 
collected from 33 papers by 27 authors including more than 125 graphs within a wide-range of 
conditions. This dataset was investigated and analyzed. Heat transfer coefficients and wall 
temperatures were calculated using these correlations and compared to the experimental data. 

Three correlations were used in the comparison: 1) modified Bishop et al. correlation (1964), 
2) Swenson et al. correlation (1965) and 3) Mokry et al. correlation (2009). The main objective of the 
study was to find the best correlation for supercritical-water heat transfer in bare tubes, which might 
also be used for preliminary calculations of fuel bundles, as a conservative approach. 
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4. Conclusions 

In this paper, a comprehensive study of selected heat-transfer correlations applicable to supercritical 
water flowing upward in vertical bare tubes has been conducted.  A large combined dataset was 
collected from 33 papers by 27 authors including more than 125 graphs within a wide-range of 
conditions.  This dataset was investigated and analyzed.  Heat transfer coefficients and wall 
temperatures were calculated using these correlations and compared to the experimental data.   

Three correlations were used in the comparison: 1) modified Bishop et al. correlation (1964),               
2) Swenson et al. correlation (1965) and 3) Mokry et al. correlation (2009).  The main objective of the 
study was to find the best correlation for supercritical-water heat transfer in bare tubes, which might 
also be used for preliminary calculations of fuel bundles, as a conservative approach. 

The comparison shows that all three correlations predict the experimental data within a reasonable 
uncertainty at the normal heat-transfer regime and at lower heat and mass fluxes.  However, within the 
pseudocritical region the modified Bishop et al. correlation deviates significantly from the experimental 
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data. On the other hand, the Swenson et al. and Mokry et al. correlations show a significantly better fit 
within most operating conditions. In the most studied cases, the Mokry et al. correlation showed a 
more conservative approach than the Swenson et al. correlation by predicting lower heat transfer 
coefficients and thus corresponding higher temperature values. 

5. Acknowledgements 

Financial supports from the NSERC/NRCan/AECL Generation IV Energy Technologies Program and 
NSERC Discovery Grant are gratefully acknowledged. 

6. 

c p 

D 
G 
h 
H 
k 
L 
P 

Q 
q 
Ra 

T 
V 
x 

Nomenclature 

average specific heat, J/kg•K,
(1-1, -Hb  ) 

T,„ —Tb

diameter, m 
mass flux, kg/m2s 
heat transfer coefficient, W/m2K 
enthalpy, J/kg 
thermal conductivity, W/m•K 
length, m 
pressure, Pa 
heat transfer rate, W 
heat flux, W/m2

surface roughness, gm 
temperature, °C 
volume, m3
axial location, m 

Greek letters 

p dynamic viscosity, Pas 

P density, kg/m3
6 thickness, mm 

References 

Dimensionless numbers 

( 
• 

Nu Nusselt number h
k
l) 

Pr Prandtl number 
k 

Pr Average Prandtl number 

Re Reynolds number ( G. D j 
P 

Subscripts 
ave average 
b bulk 
calc calculated 
cr critical 
dht deteriorated heat-transfer 
exp experimental 
h heated 
by hydraulic 
in inlet 
out outlet 
pc pseudocritical 

) 

[1] H.F. Khartabil, R.D. Duffey, N. Spinks and W. Diamond, "The pressure-tube concept of 
Generation W Supercritical Water-Cooled Reactor (SCWR): Overview and status", 
Proceedings of the 2005 International Congress on Advances in Nuclear Power Plants 
(ICAPP'05), Seoul, Korea, 2005 May 15-19, Paper #5564, 7 pages. 

[2] Yu.D. Baranaev, P.L. Kirillov, V.M. Poplayskii and V.N. Sharapov, "Supercritical-Pressure 
Water Nuclear Reactors:, Atomic Energy, Vol. 96, No. 4, 2004, pp. 345-351. 

[3] I.L. Pioro and R.B. Duffey (2007). Heat Transfer and Hydraulic Resistance at Supercritical 
Pressures in Power Engineering Applications, ASME Press, New York, NY, USA, 334 pages. 

10 

The 2nd Canada-China Joint Workshop on Supercritical Water-Cooled Reactors (CCSC-2010) P25 
Toronto, Ontario, Canada, April 25-28, 2010 

10 
 

data.  On the other hand, the Swenson et al. and Mokry et al. correlations show a significantly better fit 
within most operating conditions.  In the most studied cases, the Mokry et al. correlation showed a 
more conservative approach than the Swenson et al. correlation by predicting lower heat transfer 
coefficients and thus corresponding higher temperature values. 

5. Acknowledgements 

Financial supports from the NSERC/NRCan/AECL Generation IV Energy Technologies Program and 
NSERC Discovery Grant are gratefully acknowledged. 

6. Nomenclature 

pc         average specific heat, J/kg·K, 










bw

b

TT

HH w  

D  diameter, m 
G  mass flux, kg/m2s 
h  heat transfer coefficient, W/m2K 
H  enthalpy, J/kg 
k  thermal conductivity, W/m·K 
L length, m 
P  pressure, Pa 
Q  heat transfer rate, W 
q  heat flux, W/m2 
Ra surface roughness, µm 
T  temperature, oC 
V volume, m3 
x  axial location, m 
 
Greek letters 
 
  dynamic viscosity, Pa·s 
  density, kg/m3 

δ thickness, mm 
 

Dimensionless numbers 

Nu Nusselt number 





 

k

Dh
 

Pr Prandtl number 








 

k

c p
 

Pr  Average Prandtl number 








b

b
p k

c


  

Re Reynolds number 






 


DG
 

Subscripts 
ave average 
b bulk 
calc calculated 
cr critical 
dht deteriorated heat-transfer 
exp experimental 
h heated 
hy hydraulic 
in inlet 
out outlet 
pc pseudocritical 

References 

[1] H.F. Khartabil, R.D. Duffey, N. Spinks and W. Diamond, “The pressure-tube concept of 
Generation IV Supercritical Water-Cooled Reactor (SCWR): Overview and status”, 
Proceedings of the 2005 International Congress on Advances in Nuclear Power Plants 
(ICAPP’05), Seoul, Korea, 2005 May 15-19, Paper #5564, 7 pages. 
 

[2] Yu.D. Baranaev, P.L. Kirillov, V.M. Poplavskii and V.N. Sharapov, "Supercritical-Pressure 
Water Nuclear Reactors:, Atomic Energy, Vol. 96, No. 4, 2004, pp. 345–351. 

 
[3] I.L. Pioro and R.B. Duffey (2007). Heat Transfer and Hydraulic Resistance at Supercritical 

Pressures in Power Engineering Applications, ASME Press, New York, NY, USA, 334 pages. 
 



The r d Canada-China Joint Workshop on Supercritical Water-Cooled Reactors (CCSC-2010) P25 
Toronto, Ontario, Canada, April 25-28, 2010 

[4] R.B. Duffey, I.L. Pioro, T. Zhou, U. Zirn, S. Kuran, H., Khartabil and M. Naidin, "Supercritical 
Water-Cooled Nuclear Reactors (SCWRs): Current and Future Concepts — Steam-Cycle 
Options", Proceedings of the 16th International Conference on Nuclear Engineering (ICONE-
16), Orlando, Florida, USA, May 11-15, 2008, Paper #48869. 

[5] S. Mokry, M. Naidin, F. Baig, Ye. Gospodinov, U. Zirn, K. Bakan, I. Pioro and G. Naterer, 
"Conceptual Thermal-Design Options for Pressure-Tube SCWRs with Thermochemical Co-
Generation of Hydrogen", Proceedings of the 16th International Conference on Nuclear 
Engineering (ICONE-16), Orlando, FL, USA, 2008 May 11-15, Paper #48313. 

[6] P. Kirillov, R. Pometko, A. Smirnov, V. Grabezhnaia, I. Pioro, R. Duffey and H. Khartabil, 
"Experimental study on heat transfer to supercritical water flowing in 1- and 4-m-long vertical 
tubes", Proceedings of GLOBAL'05, Tsukuba, Japan, 2005 Oct. 9-13, Paper No. 518. 

[7] B.A. Gabaraev, Yu.N. Kuznetsov, I.L. Pioro and R.B. Duffey, "Experimental Study on Heat 
Transfer to Supercritical Water Flowing in 6-m Long Vertical Tubes",  Proceedings of the 15th

International Conference on Nuclear Engineering (ICONE-15), 2007 April 22-26, Nagoya, 
Japan, Paper #10692, 8 pages. 

[8] R.A. Lee and K.H. Haller, "Supercritical water heat transfer developments and applications", 
Proceedings of the 5th International Heat Transfer Conference, Tokyo, Japan, 1974 September 
3-7, Vol. W, Paper No. B7.7, pp. 335-339. 

[9] S. Yoshida and H. Mori, "Heat Transfer to Supercritical Pressures Fluids Flowing in Tubes", 
Proceedings of the 1st International Symposium on Supercritical Water-Cooled Reactor Design 
and Technology (SCR-2000), Tokyo, Japan, 2000 November 6-8, Paper No. 106. 

[10] A.F. Polyakov, "Mechanism and limits on the formation of conditions for impaired heat 
transfer at a supercritical coolant pressure", High Temperatures (Ten.inxlmifica BEJCOKI4X 
Temneparyp, crp. 1210-1219), 13 (6), 1975, pp. 1119-1126. 

[11] K. Yamagata, K. Nishikawa, S. Hasegawa et al., "Forced Convective Heat Transfer to 
Supercritical Water Flowing in Tubes", International Journal of Heat and Mass Transfer, 
15(12), 1972, pp. 2575-2593. 

[12] Yu.V. Vikhrev, Yu.D. Barulin and A.S. Kon'kov, "A study of heat transfer in vertical tubes at 
supercritical pressures", Thermal Engineering (Terulo3neprenwa, crp. 80-82), 14 (9), 
1967,pp. 116-119. 

[13] National Institute of Standards and Technology, "NIST Reference Fluid Thermodynamic and 
Transport Properties-REFPROP", NIST Standard Reference Database 23, Ver. 8.0. Boulder, 
CO, U.S.: Department of Commerce, 2007. 

[14] A.A. Bishop, R.O. Sandberg and L.S. Tong, "Forced Convection Heat Transfer to Water at 
Near-Critical Temperatures and Super-Critical Pressures", Report WCAP-2056, Westinghouse 
Electric Corporation, Atomic Power Division, Pittsburgh, PA, USA, 1964, December, 85 
pages. 

11 

The 2nd Canada-China Joint Workshop on Supercritical Water-Cooled Reactors (CCSC-2010) P25 
Toronto, Ontario, Canada, April 25-28, 2010 

11 
 

[4] R.B. Duffey, I.L. Pioro, T. Zhou, U. Zirn, S. Kuran, H., Khartabil and M. Naidin, “Supercritical 
Water-Cooled Nuclear Reactors (SCWRs): Current and Future Concepts – Steam-Cycle 
Options”, Proceedings of the 16th International Conference on Nuclear Engineering (ICONE-
16), Orlando, Florida, USA, May 11–15, 2008, Paper #48869. 

 
[5] S. Mokry, M. Naidin, F. Baig, Ye. Gospodinov, U. Zirn, K. Bakan, I. Pioro and G. Naterer, 

“Conceptual Thermal-Design Options for Pressure-Tube SCWRs with Thermochemical Co-
Generation of Hydrogen”, Proceedings of the 16th International Conference on Nuclear 
Engineering (ICONE-16), Orlando, FL, USA, 2008 May 11–15, Paper #48313. 

 
[6] P. Kirillov, R. Pometko, A. Smirnov, V. Grabezhnaia, I. Pioro, R. Duffey and H. Khartabil, 

“Experimental study on heat transfer to supercritical water flowing in 1- and 4-m-long vertical 
tubes”, Proceedings of GLOBAL’05, Tsukuba, Japan, 2005 Oct. 9-13, Paper No. 518. 

 
[7] B.A. Gabaraev, Yu.N. Kuznetsov, I.L. Pioro and R.B. Duffey, “Experimental Study on Heat 

Transfer to Supercritical Water Flowing in 6-m Long Vertical Tubes”, Proceedings of the 15th 
International Conference on Nuclear Engineering (ICONE-15), 2007 April 22-26, Nagoya, 
Japan, Paper #10692, 8 pages. 

  
[8] R.A. Lee and K.H. Haller, "Supercritical water heat transfer developments and applications", 

Proceedings of the 5th International Heat Transfer Conference, Tokyo, Japan, 1974 September 
3–7, Vol. IV, Paper No. B7.7, pp. 335–339. 
 

[9] S. Yoshida and H. Mori, “Heat Transfer to Supercritical Pressures Fluids Flowing in Tubes”, 
Proceedings of the 1st International Symposium on Supercritical Water-Cooled Reactor Design 
and Technology (SCR-2000), Tokyo, Japan, 2000 November 6-8, Paper No. 106. 

 
[10] A.F. Polyakov, "Mechanism and limits on the formation of conditions for impaired heat 

transfer at a supercritical coolant pressure", High Temperatures (Теплофизика Высоких 
Температур, стр. 1210–1219), 13 (6), 1975, pp. 1119–1126. 

 
[11] K. Yamagata, K. Nishikawa, S. Hasegawa et al., “Forced Convective Heat Transfer to 

Supercritical Water Flowing in Tubes”, International Journal of Heat and Mass Transfer, 
15(12), 1972, pp. 2575-2593. 
 

[12] Yu.V. Vikhrev, Yu.D. Barulin and A.S. Kon’kov, "A study of heat transfer in vertical tubes at 
supercritical pressures", Thermal Engineering (Теплоэнергетика, стр. 80–82), 14 (9), 
1967,pp. 116–119. 

 
[13] National Institute of Standards and Technology, “NIST Reference Fluid Thermodynamic and 

Transport Properties-REFPROP”, NIST Standard Reference Database 23, Ver. 8.0. Boulder, 
CO, U.S.: Department of Commerce, 2007. 

 
[14] A.A. Bishop, R.O. Sandberg and L.S. Tong, “Forced Convection Heat Transfer to Water at 

Near-Critical Temperatures and Super-Critical Pressures”, Report WCAP-2056, Westinghouse 
Electric Corporation, Atomic Power Division, Pittsburgh, PA, USA, 1964, December, 85 
pages. 

 



The r d Canada-China Joint Workshop on Supercritical Water-Cooled Reactors (CCSC-2010) P25 
Toronto, Ontario, Canada, April 25-28, 2010 

[15] H.S. Swenson, J.R. Carver and C.R. Kakarala, "Heat transfer to supercritical water in smooth-
bore tubes, Journal of Heat Transfer", Transactions of the ASME, Series C, 87 (4), 1965, pp. 
477-484. 

[16] B.R. Munson, D.F. Young and T.H. Okiishi (2005). Fundamentals of Fluid Mechanics. 5th ed. 
New York: Wiley, 816 pages. 

[17] S. Mokry, A. Farah, K. King, S. Gupta, I. Pioro and P. Kirillov "Development of Supercritical 
Water Heat-Transfer Correlation for Vertical Bare Tubes", Proceedings of the Nuclear Energy 
for New Europe 2009 International Conference, Bled, Slovenia, 2009 September 14 — 17, Paper 
#210, 13 pages. 

12 

The 2nd Canada-China Joint Workshop on Supercritical Water-Cooled Reactors (CCSC-2010) P25 
Toronto, Ontario, Canada, April 25-28, 2010 

12 
 

[15] H.S. Swenson, J.R. Carver and C.R. Kakarala, “Heat transfer to supercritical water in smooth-
bore tubes, Journal of Heat Transfer”, Transactions of the ASME, Series C, 87 (4), 1965, pp. 
477–484. 

 
[16] B.R. Munson, D.F. Young and T.H. Okiishi (2005). Fundamentals of Fluid Mechanics. 5th ed. 

New York: Wiley, 816 pages. 
 
[17] S. Mokry, A. Farah, K. King, S. Gupta, I. Pioro and P. Kirillov “Development of Supercritical 

Water Heat-Transfer Correlation for Vertical Bare Tubes”, Proceedings of the Nuclear Energy 
for New Europe 2009 International Conference, Bled, Slovenia, 2009 September 14 – 17, Paper 
#210, 13 pages. 


