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ABSTRACT

Carbon dioxide near the critical condition has high density but low viscosity. Due to this characteristic a compressor using

sCO, can achieve a high pressure ratio with small compression work, which makes a cycle more efficient. However when the

inlet temperature and pressure get close to the critical point, CO, becomes susceptible to condensation in the compressor which

can damage compressor blades. This paper aims to quantify the amount of the CO, condensation in a compressor with various

inlet temperature and pressure conditions. Over 10 inlet conditions are calculated by multiphase CFD considering real gas

property of CO, and a condensation map in temperature-pressure domain is obtained. The results show that the amount of CO,

condensation depends on the inlet temperature than the pressure and there is a pressure where the maximum condensation

occurs at the given inlet temperature.
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(a) Density table — pressure-based sampling
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(b) Density table — density-based sampling
Fig. 1 CO, density table near the critical point by (a)

pressure—based sampling (b) density—based sampling
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Table 1 Temperature, pressure, and entropy of the critial
point of CO, and the inlet conditions of 5 nozzle cases

<==[K] o= [bar] I E = 7][kIkeK]
AAH 304.13 73.77 1.4336
Case 1 314.67 57.24 1.8751
Case 2 311.99 65.35 1.7962
Case 3 313.60 73.53 1.7362
Case 4 313.94 79.99 1.6698
Case 5 313.88 84.74 1.5990
— Flow

Fig. 2 Nozzle experiment with sCO,. (a) T-S diagram of
five inlet temperature and pressure conditions,

(b) condensation visualization,
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Fig. 3 Nozzle geometry and mesh refinement near the throat.
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Case 4 - 313.94 K, 79.99 bar

o EXP (Lettier], 2017)
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Fig. 4 CFD validation with the previous experimental

pressure measurement for the case 4.

Table 2 Maximum pressure errors for 5 nozzle cases,
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Fig. 5 Geometry of the centrifugal compressor for the

numerical study. (left) meridional view (right) full annulus
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Table 3 24 tested inlet temperature and pressure conditions,

P, T . P, T,.
Case t,in t,in Case t,in t,in
[bar] [X] [bar] K]
1* 85.17 310.15 13 80.71 310.36
2 81.01 314.61 14 87.00 306.00
3 85.79 31232 15 85.17 308.15
4 81.93 307.69 16 78.00 308.00
5 83.72 306.38 17 80.00 306.00
6 88.75 314.03 18 79.80 307.50
7 87.29 313.46 19 78.80 307.50
8 88.24 311.12 20 78.00 306.50
9 83.17 308.52 21 87.00 307.50
10 86.26 309.21 22 88.50 308.50
11 84.93 311.42 23 81.00 309.00
12 89.76 307.49 24 82.80 310.00
Condensation volume map
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Fig. 8 Condensation Volume Map.
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