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Motivation
since Fukushima the decay heat removal became a main part in the reactor
safety research

STARTING POSITION NEW CONCEPT
» decay heat must be transferred from the » sCO,-operated decay heat removal
reactor core to the environment system based on a Brayton cycle

 possibility that active safety system does » works without power grid connection, is

not work self-sufficient and starts automatically
» passive safety systems and redundant » compact system, can be retrofitted into
heat sinks of new reactor concepts can existing power plants

not be retrofitted into existing plants
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Motivation

new concept — sCO,-operated decay heat removal system
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Aims
before implementing such a system accurate system simulations are needed

 the system was simulated with the German thermal hydraulic system code ATHLET by
Venker but the results of the simulation show large deviations to the existing
experimental data near the critical point

« ATHLET uses heat transfer and pressure loss correlations, so experimental data is
needed to validate these correlations

In this presentation:

—> investigation on the heat transfer characteristics of sCO, in heated horizontal pipes
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Experimental setup
overview
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Experimental setup
test facility SCARLETT
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Experimental setup
test rig — P&l diagram
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Experimental setup
test section (4 mm) — dimensions
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Experimental setup

temperoture
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Data reduction
measured parameter

M Tp,ins Th,outs Tsurx Dins Pdairf; LV

1. Calculation of heat flow

|Q1| = |Q2| = Q [W]

Q, =1y * [hY (9", p") —hi (¥, p")] [W]
2. Calculation of heat flux

QZZPeIZU*I [W]

. QU [ﬂ]
qtube_A Lh m2

i,sur B Toxdj*
3. Calculation of the bulk enthalpy

S Q K
oy = i+ () 1 ]
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4. Calculation of bulk fluid temperature

Tb,x = f(ib,x: px) [OC] with Px = Pin — ps:lff * Lx [bar]

5. Calculation of volumetric heat flux
. Q2 W
v = %(d(z)—diz)*Lh |:1’1’13:|

6. Calculation of inner wall temperature

do ? d; ’ Qv (do ’ do o
(7) ‘(5) ]‘m(?) *‘“(a)m

7. Calculation of heat transfer coefficient

hy = 9 w
T Tyn = Toy MK

qv

Tiv: = T 2V
W,i W,o0 + 4)\w

]
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Results
1st test series — d; = 4 mm;p = 7.75 MPa, G = 400 kg/m?s; g = 50 kW /m?
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+ stable temperature stratification in an enthalpy range of 220 — 450 kJ/kg

* max. temperature difference between top and bottom surface approx. 10 K
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Results
2nd test series — d; = 4 mm;p = 7.75 MPa, G = 800 kg/m?*s; ¢ = 50 kW /m?
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* no clear temperature stratification

« temperature values converge after an enthalpy of approx. 390 kJ/kg
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Results

31 test series — d; = 4 mm;p = 7.75 MPa, G = 800 kg/m?s; ¢ = 90 kW /m?
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* no clear temperature stratification

« temperature values converge after an enthalpy of approx. 430 kJ/kg
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Results
4t test series — d; = 8 mm;p = 7.75 MPa, G = 400 kg/m?*s; ¢ = 50 kW /m?
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 stable temperature stratification (more pronounced than in the 15t test series)

* max. temperature difference between top and bottom surface approx. 45 K
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Results

5th test series — d; = 8 mm; p = 7.75 MPa, G = 400 kg/m?s; ¢ = 90 kW /m?
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 stable temperature stratification (more pronounced than in the 4t test series)

* max. temperature difference between top and bottom surface approx. 90 K
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Results
6! test series —d; = 8 mm;p = 7.75 MPa, G = 800 kg/m?*s; ¢ = 50 kW /m?
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 stable temperature stratification (more pronounced than in the 2" test series)

« max. temperature difference between top and bottom surface approx. 7 K
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Results
7t test series — d; = 8 mm; p = 7.75 MPa, G = 800 kg/m?s; 4 = 90 kW /m?
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« with increasing heat flux the temperature stratification became much clearer

* max. temperature difference between top and bottom surface approx. 30 K

University of Stuttgart — Institute of Nuclear Technology and Energy Systems Konstantinos Theologou 23.03.2021 18



Results
8t test series — d; = 8 mm;p = 7.75 MPa, G = 800 kg/m?s; q = 130 kW /m?
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« with increasing heat flux the temperature stratification became much clearer

* max. temperature difference between top and bottom surface approx. 60 K
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Summery & Conclusion

Eight test series with overall 48 experiments were carried out with 4 and 8 mm
horizontal heated pipes.

» Heat transfer characteristics of sCO, were investigated in cases where buoyancy effects
lead to a temperature stratification.

* The investigated cases show that...

... increasing mass flux and Reynolds number at constant heat flux and inner diameter
leads to reduced temperature differences between the top and bottom of the pipe.

* ... no clear temperature stratification occurs by increasing the mass flux and the
Reynolds number at constant heat to mass flux ratio and diameter.

... at constant heat to mass flux ratio and Reynolds number, larger pipe diameters lead
to more pronounced temperature stratification.
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