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1. INTRODUCTION 

During core melt accident significant amount of core may relocate 
in the reactor pressure vessel lower head. During its cooling it may 
form cracks inside the corium and gap between corium and reactor 
vessel. Gap also may appear due to deformation of the lower head if 
its temperature exceed creep limit. Slotted channels ensure ingress of 
the cooling water into the corium, and exit of the generated steam. 
Study of the cool-down mechanism of the solid core debris in the lower 
head of the reactor vessel through. gap and craoks is the objective of 
experimental work on the CTFfacility. 

Thermal hydraulics in the heated channels closed from the bottom 
and flooded with the saturated water from the top of the channel, is 
characterized by the counterflow of the steam and water, attended by 
such specific phenomena as the· dry out when boiling, flooding and 
overturning of the coming down flow of water at the certain flow rates 
of the steam going up, partial dry out of the channel, and reflooding 
from the top of the heated channel with the saturated water. The above 
phenomena may reveal independently or in different combinations 
depending on geometric parameters of the channel, heat release, and 
coolant parameters. Interchange of these processes with a certain 
cyclic sequence is possible~ 

Experimental study was performed at the CTF (Coolability Test 
Facili ty) facility, which is a part of the thermohydraulic KC test 
facility in the RRC «Kurchatov Institute». Presented results are 
obtained at the CTF-1 test section which represents a vertical flat 
channel modeling a single crack in the solidified corium or the gap 
between the corium and reactor vessel. 

The authors are grateful to the specialists of RRC «KI» V. Proklov, 
v. Kapustin, V. Zavalscky., A. Balyckin, V. Vinogradov, A. Khudyckin and 
others for preparation of the tests at CTF facility, processing 
experimental data and discussion of results. This work has been done 
with the support of the U.S. Nuclear Regulatory Commission managed by 
Dr.A.Behbahani, and his input to this work is highly appreciated. 

2.EXPERIMENTAL EQUIPMENT 

CTF-1 test section (fig. 2.1) is a vertical electrically heated 
flat channel. The channel is formed by two removable walls either or 
both can be heated. One of these walls (hereinafter called «2») was 
used in all of the described tests. The other wall - «1» in some of the 
tests was replaced by the wall with a window for visual observations. 
In this case only one wall was heated. 

Condenser, located in the top part of the tube above the test 
section, is used to remove heat. 

In the case of high pressure, the channel is placed into a tight 
vessel. Additionally, pressurizer of KC facility is used to even the 
pressure in the channel and in the zone between the channel walls and 
pressurized vessel. 
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The height of the walls is 400 mm (the heated height - 397 mm), 
width - 196 mm (heated width - 190 mm). Fixing of the walls at the 
necessary distance from each other (0.5-5 mm) is performed with the 
help of spacer cylinders (<<pellets») 10 mm in diameter. 

At the top the slotted channel. is smoothly transformed into the 
tube with the inner diameter of 80 mm. There is a pipeline at the 
bottom necessary for filling of the channel with the coolant, make-up 
and draining. 

The electrical heater (fig. 2.2) is made of a steel plate (1 mm 
thick). There are cuttings (2 mm thick) in the plate, owing to which 
the current has the snaking motion. The heated height of the channel 
can be 397, 187, and 61 mm due to the use of the top current lead, and 
one of the three current leads located lower. 

The heater is isolated from the metal wall by the talc-chlorite 
insulator (natural material) 39 mm thick. 

Spacers are fixed in the holes drilled in the wall 2. «Pellets» and 
heaters are covered with electrically insulating layer (0.2 mm) of 
aluminum dioxide. 

Instead of the wall 1 special wall with a round window of 120 mm in 
diameter made of the quartz glass is used for visual observations and 
video recording at ambient pressure. At high pressure observation is 
done through the second window in the pressurized vessel. 

Data acquisition system allows to measure during the tests such 
parameters as voltage and current of the electric heating system, 
temperatures of the heaters (19-28 thermocouples for each heater), 
insulators (9 thermocouples in each wall), and the coolant (7 
thermocouples), local actua~ void fraction (in 3 locations), pressure 
drops in different sections of the channel, weight level of the 
saturated water under the channel, parameters of the condenser 
secondary circuit, temperatures of the test section outer surfaces, 
temperature of the media in the inter-vessel space (when operating with 
the pressurized vessel), and the temperature of environment. 

Data collection period of the one-time inquiry of n detectors can 
be identified by the expression: 

T = 0.00015 . n + 0.001 sec. 
The collected information was put into PC. 

3.RANGES OF THE STUDIED P~TERS 

study at the CTF-1 test section was performed for different 
combinations of regime parameters. The following denominations used to 
identify combinations of the varied parameters are presented below: 

D2/ss channel with two heated walls simulates the crack in 
corium; 

02 (J) Iss channel of the previous design, but only one wall is 
heated (D1/SS see below); J=l, 2 number of the heated walls; 
simulating the gap between corium and reactor vessel; 

D1(J)/SS - channel with one heated wall; another wall has a window 
for visual observations and video recording; 

G - width of the gap between the walls of the channel (5, 2, 1, and 
0.5 rom); 

H heated height of the channel; adjusted by using different 
current leads (61, 187, and 397 rom); 

L - level of the saturated water above the channel (0.1,and 0.5 m) . 
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4.EXPERlMENTAL RESULTS 
4.1. Behavior of the Measured Parameters 

Fig. 4.1 presents experimental data to illustrate the shape of the 
registered experimental parameters for the regime G2-D2(1)/SS-H397-LO.5 
(2 nun gap between the walls, electric heating was applied to the 
heater of the wall 1 only, the heater is made of stainless steel, 
heating zone height - 397 mIn, water level above the channel - 0.5 m, 
experiment was conducted under atmospheric pressure). In this test 
thermocouples were located in points 1-19 only (fig. 2.2). variation of 
electric power and temperatures of the wall 1 heater versus time is 
presented. 
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Fig. 4.1. Time behavior of current power and heater temperatures 
on the heated.wall No.1 in the G2-D2(1)/SS-H397-LO.5 
experiment. 

At the beginning of the recording one can see improvement of the 
heat transfer and transition to the steady-state regime of the normal 
heat transfer due to power decrease. After that smooth increase of the 
heater electric power started, and the heat transfer is worsening 
again. 

periodic peaks up to -150-230°C with the further return to the 
temperatures close to the saturation temperature are observed in the 
heated wall 1 in points 8 and 10 (thermocouples THl-8 and TH1-10) 
located in the channel central axis at different elevations. This 
testifies to the fact that local worsening of heat transfer and «dry» 
spots wi t~ the increased temperature appear . on the heater's surface, 
then these spots are wetted wi th the liquid and cooled down to the 
saturation temperature. 

During approximately 3200-th second from the beginning of recording 
when the power was 3.42 kW (without consideration of heat losses) 
abrupt temperature growth up to -300°C was observed in point 8; then the 
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temperature continued to grow in the pulsation regime. Temperatures in 
the other points of the heater of wall 1 (thermocouples THl-4 and THl-6 
and others) were still close to the saturation temperature. 

The time moment of the first registered temperature growth is 
considered as the beginning of the heat transfer worsening. In both 
this example and other tests, first local superheating of the wall 
under the unchanged power disappeared and became stable only after 
slight increase of the power. 

Synchronic periodical increase and decrease of the heater 
temperatures in points 8 and 10 were established in the regime of the 
worsened heat transfer. Average temperature values were also 
approximately stable under the stable power. Power growth is necessary 
to increase the average temperature level. 

4.2.Results of Visual Observations 

Visual observations performed during experiments G2-Dl(2)/SS-H397-
LO.5 and G2-Dl(2)/SS-H187-LO.5 (2 mm gap, only wall 2 is heated, heated 
height 397 and 187 mm, water level above the channel 0.5 m, 
atmospheric pressure) showed the following: 

• In the regimes of the worsened heat transfer, the major part of 
water flows from the top to the bottom along the side sections 
of the channel. These flows are more organized and stable when 
the heating height is 397 mm; in case the height is. less (higher 
heat fluxes) the flow picture is less stable and is periodically 
spoiled with the water ingress from the flanges. 

• Superheated sections of the walls in the center of the channel 
at temperatures of 400-600°C are cooled by the superheated steam 
coming from the bottom only. 

• Two upper plates of the heater are never been superheated, this 
is ensured by the downward flow of the water located above the 
channel. Water penetration below the second plate of the heater 
was not observed in the regimes with large superheating. 

• The ,influence of horizontal cuttings in the heated wall onto the 
processes is significant (the cuttings can simulate roughness of 
the surfaces in the corium cracks). They prevent heat transfer 
due to heat conductivity in the regimes with lo~al superheating. 
It can not influence the value of the critical power when local 
superheating starts, but it influences significantly the 
broadening of the «hot» spot in the vertical direction. Besides, 
at low void fraction steam bubbles appear mainly in the 
cuttings, which play the role of the centers of steam 
generation. 

4.3.Data on Critical Powers 

Analysis of experimental data (table 4.1) allows to make the 
following preliminary conclusions: 

• The greater the width of the gap between the walls, the higher 
the critical power is. The values of War are 3-6 times higher if 
the gap width is 5 mm, in comparison with the case of 1 mm gap. 

• Critical powers increase along with the increase of pressure 
(fig. 4.2); in the tests with 1 mm g-ap the values of Wcr 

·increased approximately two times when the pressure increased 
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Table 4.1 The critical power Wcr [kW]. 
1) Test section design: D2/SS and D2(J)/SS. 

Gap 
Channel Pressure Variants of heating and water level 
height 

G, mm H, mm bar D2/SS D2(J)/SS 
., 

L = 0.5 m: 
61 1 12.04,12.29,12.29,12.24, 

12.61 / TH2-04 
J=2, L = 0.5 m: 

1 13.86,14.01 
TH2-20, TH2-06 

5 J=2, L = 0.5 m: 187 5 
16.36 / TH2-20 

20 
J=2, L = 0.5 m: 
37.73 / TH2-02 

L = 0.5 m: J=l, L = 0.5 m: 1 
16.19,16.40 / TH2-08 16.05 / TH1-06 

1 
J=2, L = 0.5 m: 

397 20.04, 20.21 / TH2-04 

5 
J=2, L = 0.5 m: 

24.26/ TH2-02, TH2-06 

20 J=2, L = 0.5 m: 
43.24/ TH2-06 

61 1 
L = 0.5 m: J=l, L = 0.5 m: 

4.51,4.25,3.87 / TH2-04 3.65 / TH1-04 
- L = 0.5 m: J=l, L = 0.5 m: 

187 1 
4.18,4.01 / TH2-06 3.79, 3.73 / TH1-08 

L = 0.5 m: J=l, L = 0.5 m: 
2 4.29 3.65,2.88,3.04,3.22 

TH1-08 TH1-08,TH1-10 
397 1 L = 0.1 m: J=l, L = 0.1 m: 

3.96,3.92,3.88 3.22, 3.25 
TH1-08,TH2-08 TH1-08,TH1-10 

J=2, L = 0.5 m: I 
4.22 / TH2-08,TH2-10 

L = 0.5 m: J=l, L = 0.5 m: 
61 1 2.51,2.42,2.26,2.07 1.97,1.97,1.92 

TH2-04 TH1-04,TH1-06 
L = 0.5 m: J=l, L = 0.5 m: 

1 1. 92 2.08,1.73 
TH1-08,TH2-08 TH1-05,TH1-08 

1 L = 0.5 m: 
187 5 3.98, 5.64 

TH2-04 

20 L = 0.5 m: 
7.09 / TH2-04, TH2-06 

80 L = 0.5 m: 
8.78 / TH2-06 

L = 0.5 m: J=l, L = 0.5 m: 
61 1 1.32,1.48,1.03 1.10 

0.5 TH1-04,TH2-04 TH1-04 
L = 0.5 m: 

397 1 1.50,1.44,1.00 
TH1-08,TH2-08 
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Table 4.1 (continued). 
2)Test section design: D1(2)/SS. 

Channel Pressure Gap 
height 

Variants of water level 

G, 

2 

mm H, mm 

187 

397 

bar L = 0.5 m 

1 

1 

4.59 ,4.71, 4.27 
TH2-06 
4.92 

TH2-08 

CHF (kW/m"2) 
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Fig. 4.2. Dependence of the Critical Power versus Pressure. 

from 5 to 80 bar; in the tests with 5 mm gap - 2- 2.5 times when 
the pressure increased from 1 to 20 bar. 

• If only one of the channel walls is heated Wcr values are 30% 
lower in comparison with the case of two heated walls (heat 
fluxes are higher in case of only one heated wall) . 

• Dependence of Wer versus the heated height of the channel is 
ambiguous. In case of a 5 mm gap it increases along wi th the 
change of height from 187 to 397 mm by 15-50%. Wer does not 
practically depend upon the height of the channel in case of 
less gaps, i.e. critical heat fluxes grow along with the 
decrease of the heated height of the channel. 

• Water level above the channel does not influence the critical 
power value in the reviewed range. 

• In case of a 5 mm gap cyclic change of qrying 
section in its central axis is observed 
flooding of this section and cooling it 
saturation temperature. 

out of the channel 
with the further 
down up to the 

• Variation of values of the critical powers in case of repetition 
of the same test is ~30%. 
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5.CONCLUSIONS 

• Maximum critical power reached in the performed tests was 43.24 
kW' (pressure - 2 MPa, gap width - 5 mm, channel height - 397 
mm) . 

• Maximum critical heat flux reached in the tests was 1050 kW/m2 
({pressure - 2 MPa, gap width - 5 mm, channel height - 187 mm). 

• The CHF data for the case with one heated wall are located above 
the data of Wallis correlation [1], but below the data of Zuber
Mond correlation [2,3] (fig.4.3, for 0.1 MPa). 
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Fig. 4.3. Dependence of the Critical Heat Rate versus the Value 
of the Channel Height/Width ratio (for 0.1 MPa). 

• The limi ting power of the channel under the temperature of 
~600°C in the maximum hot area does not differ from the critical 
power in the majority of tests. 

• Facility with the indirect heating of the wall has been prepared 
for testing for the gaps up to 15 mm and the whole range of 
pressures. 

1.G.B.Wallis,One-demensional 
2.M.Mond et al.,Enhancement 

through a narrow vertical 
Transf.,v.31,pp.803-814,1989. 
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