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Study on Discharge Coefficients of Drain Orifices in Closed Cavities

HU Rengiang, ZHANG Tao, LU Liuyun, XU Changyue
( Key Laboratory of Aircraft Environment Control and Life Support, MIIT,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, P.R.China )

Abstract: The discharge flow was numerically simulated to obtain discharge coefficients. The main factors influencing the
discharge coefficients of orifices were studied by dimensional analysis, and the empirical fitting formulas for calculating
discharge coefficients were given. The results show that, with a water head height less than 200 mm, the discharge
coefficient decreases with the increase of the head height. With a water head height more than 200 mm, the discharge
coefficient keeps stable around 0.61. The discharge coefficients with different thickness to diameter ratios show 2 different
forms: the orifices with small thickness-diameter ratios show thin orifice flow characteristics, and the discharge coefficient
is about 0.6; the orifices with big thickness to diameter ratios show thick orifice flow characteristics, and the discharge

coefficient is about 0.8.
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Fig. 1 The simplified model for the closed cavity and the mesh topology of the drain orifice
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Table 1 Geometric parameters of circular drain orifices

d/mm [/mm Id
5 2,5,10, 15,20 04,1,2,3,4
10 2,5,10, 15,20 0.2,0.5,1,1.5,2
15 2,5,10, 15,20 0.13,0.3,0.67,1,1.3
20 2,5,10, 15,20 0.1,0.25,0.5,0.75, 1
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Table 2 Comparison of numerical and experimental results

(191

d/mm h/mm exp num
10 282 0.724 0.746
12.5 267 0.662 0.655
13.5 302 0.651 0.662
16 370 0.633 0.643
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Fig.2 Grid independence verification results Fig.3 Evolution of the discharge coefficient with the orifice thickness
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Fig. 4 Evolution of the discharge coefficient with the head height Fig. 5 Evolution of the discharge coefficient with the hydraulic diameter
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Fig. 6 Evolution of the discharge coefficient with thickness to diameter ratio //d and Reynolds number Re for h/d =40:

(a) thickness to diameter ratio //d; (b) Re
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Fig. 7 The flow topology near the orifice of plotted streamlines and contours of pressure: (a) //d=0.4; (b) I/d=2
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Fig. 8 Distribution of the vorticity thickness along the separated shear layer
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1) 244 < 200 mm, /NFLUE B 2R BB K Sk 25 BE A3 N0 /1 240 =>200 mms, /NFLIE R R BUL P54 —
AEH, 290 0.61.
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1/d=2F, /NFLIEEEE R LRI, Tt i R 2R 0.8.

3) 2441 =200 mmf, /LI R BN 2K Sk 5 BESL IR U, /NFLI e R B Cy A5 I/d B Re 3k TC A4
BOA O, /LAY R ELLAL d ~ 285 Re ~ 9 600 A FLBREUCH B Fh & (A
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