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Variabel fluid properties near the critical point of CO,
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Aim of work

« Experimental cooling heat transfer and pressure drop in 2 mm single channel flow

* recommendation of heat transfer correlation to be used for design of compact HX

Compact HX, IKE, Stuttgart Plate and Fin HX, Fives Cryo, France

150 — HIGHLY EFFICIENT PLATE-FIN HEAT EXCHANGER (PFHE)
TECHNICAL DEVELOPMENT FOR S-CO2POWER CYCLES
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Experimental setup for cooling heat transfer (l)
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Experimental setup for cooling heat transfer (ll)

150 — OPERATIONAL EXPERIENCES
AND DESIGN OF THE SCO2-HERO LOOP
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Experimental matrix

CO, Cooling media
Temperature Pressure Mass flux Temperature ~ Volumetric
[" C] [bar] [kg/m?’s] [° C] flow [1/s]
60 77 400 10-25 0.1-0.2
80 81 850
85 1400
condition Flow Number of
direction experiments
1sothermal  horizontal 91 ]
cooled horizontal 64 - 1908
cooled upwards 25
cooled downwards 18 -
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temperature [°C]

80 7

70 4

60 -

50 4

40 A

30 A

20 A

10 4

0

Data reduction

CSZ inlet « Assumption:
@ —g—— 1. htceyo] = constant
B Measured cooling media .
A - Measured wall CaICUIatlon
A
A S A A & Calculated CO2 .
% _ . 1. Qcool = htceoor * Aout * (Twant = Teool)
N E 4 Calculated cooling media
Tw03 4, : — _
il . 2. Qcoz = Qcool = htccoz * Ain * (Tcoz — Twar)
Twot | Tay
LI r— "‘"‘*‘*-A-A-‘-‘H CO2 outlet d X
X ‘""--m‘_,, & 3. Heool(X) = Hego1(0) + = fo q(x)dx
g, Ay, Mcool
Tw02 ot e W
B oAAAhhAA Ahhd kA kokkdAdhhhkkkiiA B 4 H . nd X .
- Hgoa(%) = Hgpz(0) — —— [ q(x)dx
/‘Icoollinglinle’lt | ___cooling outlet / Mmcoz 0

01 0 01 02 03 04 OjS 016 07 08 09 1 11 12 1I.3 ° FIUId prOpertleS NIST_REFPROP

axial position of the test section [°C]

University of Stuttgart 19/09/2019



QCOZ [W]

Experimental system validation
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* C. Dang and E. Hihara, "In-tube cooling heat transfer of
supercritical carbon dioxide. Part 1. Experimental measurement"”,
International Journal of Refrigeration (7), pp. 736—747 (2004).
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Effect of mass flux variation
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Effect of inlet pressure variation
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hte [kW/m?3K]

Effect of flow direction variation
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Isothermal pressure drop
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predicted pressure drop [Pa]
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Conclusion and next steps

198 experiments performed at IKE, University of Stuttgart
» Effect of mass flux on htc enhances near the pseudo-critical-point
* Increasing inlet pressure leads to smaller peak
» Heat transfer is enhanced with smaller temperature difference between CO, and cooling media
* No difference between up- and downwards flow was found
* Friction factor of isothermal measurements shows trend like expected in rough tubes
» Pressure drop of cooled experiments can be predicted with the properties of the film

U Next steps:
« 3 mm diameter tube to investigate influence of flow direction

» small-scale heat exchanger plate with multiple channel and comparison with results of single
channel heat transfer

University of Stuttgart 19/09/2019
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