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Cooling capacity source and its uncertainty analysis with water-enthalpy method
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Abstract : Unifying the cooling capacity measurement result has a fundamental effect on energy conservation and emission reduction in
air-conditioner industry. The water-enthalpy method cooling capacity source could be applied in the calibration of cooling capacity
measuring apparatus; it could supply a cooling capacity that is measurable and controllable. In this research, the principle of the water-
enthalpy method, which reduces the number of measuring parameters, was illustrated first. Then, the physical structure of the source
was designed and developed, and the source was experimentally investigated with a balanced ambient room-type calorimeter. The
experiment results show that the maximum relative difference of cooling capacity between the source and the calorimeter is less than
+0.7% . Finally, the uncertainty evaluation process and result of the cooling capacity output of the source are given in detail. The
evaluation results show that the repeatability of the source is 11.4 W as the cooling capacity increases from 1 660.8 to 5 810.4 W, the
combined standard uncertainty increases form 12.3 to 18.2 W, and the relative expanded uncertainty decreases from 1.5% (k=2) to 0.
6% (k=2). With the water-enthalpy method the traceability of cooling capacity source is achieved for the first time from the perspective
of metrology, the cooling capacity could be traced to temperature, pressure, flow rate and electric power, and the source apparatus could
be used as standard cooling capacity source in calibration.
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Fig.1 Schematic diagram of the water-enthalpy method
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Fig.2 Relation diagram of cooling capacity function
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Fig.3  Structure diagram of the water-enthalpy method

cooling capacity source
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Table 1 Comparison between the outputs of

the cooling capacity source and the measurement

results of the balanced ambient room-type calorimeter

e G PR M HX R
I e/ W il i/ W wZ/W RE/%
1 1662.9 1 660. 8 2.1 0.1
2 2912.7 2894.0 18.7 0.6
3 3751.5 3725.8 25.7 0.7
4 4842.0 4831.4 10.6 0.2
5 5802.0 5810.4 -8.4 -0.1
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Table 2 Comparison between the output of the source

and the outputs calculated under different specific heat

at constant pressure

bl & llr‘ﬁxﬁ/ﬂﬁ & iﬁxﬁzﬂﬁ
Hil /W i/ w - il /w -
RIE/ % R/ %
1 660.8 1667.1 0.4 1 659.6 -0.1
2894.0 2 900.0 0.2 2892.1 -0.1
3725.8  3732.0 0.2 3722.9 ~0.1
4 831.4 4 848.9 0.4 4 835.9 0.1
5810.4 5 828.6 0.3 5814.5 0.1
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Table 3 Cooling capacity output measurement

results in 5 independent measurements
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Fig.5 Calibration and verification results of the

inlet and outlet water temperature measurement
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Fig.6 Calibration and verification results of the

inlet and outlet water pressure measurement
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Table 4 Standard uncertainty components and sensitivity

coefficients of cooling capacity output (2 894.0 W)

24 WEE RYUFE e, WEAHEE v, ¢ - u, /W
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Lt 7.99 C 349.49 W/°C 7.5x1073C 2.6
Pwr 0.113 MPa  81.83 W/MPa 1.0 x10 > MPa 0.1
I 16.54 °C 348.06 W/C 7.5x107*C 2.6

P2 0.105 MPa  80.64 W/MPa 1.0 x10 > MPa 0.1
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Wean 85.8 W 1 0.04 W 0.1
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Table 5 Uncertainty evaluation results in different measurement conditions (k =2)

1,1 /C Put /MPa ty /C po/MPa  F /(L-h™')  Wp/W Q/W u, /W U/W Uy /%
15.32 0.113 20.33 0.105 300.0 86.2 1 660.8 12.3 24.6 1.5
7.99 0.113 16.54 0.105 300.0 85.8 2 89%4.0 12.8 25.6 0.9
6.01 0.113 16.94 0.105 300.0 88.7 3725.8 13.3 26.6 0.7
10.01 0. 145 14.73 0.111 900.0 101.8 4 831.4 17.6 35.2 0.7
8.99 0. 146 14.67 0.112 900.0 126.6 5 810.4 18.2 36.4 0.6
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