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Fig. 1 Geometry and coordinate system
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Fig. 2 Control volume of one-dimensional
non-uniform grid system
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Table 1 Coefficients in QUICK. scheme of non-
uniform rectangular grid system

Uu,>0U,>0, U,<0,U, <0,

Aei (x:' - xe)(-"m - ‘xc) (xi _xe)(le —xe)

(2 =200 = X)) | (g = x,5)(%, = X))

Bei (xi-l - xe)(xh-l _ xe) (xi - xe)(xHZ - xe)

(x; =~ %)% = x) (x; =X XX — %)

Cci (xj—l - xe)(xi - xe) (xi+i - xe)(xnz - xe)

(X = X, 0(x — xi;]) (e; —x;, 00, —X.9)

Ay | S o= x) | (e =X, Mox — x)

() =X XX —x;5) [ (x — X0 )(x —x)

Bwi (xj—z — Xy )(."C,- - xw) (x:'w] - xw)(xnl - xw)

(xig =2 (x; = x) (%0 — %)X, — X;)

Cwi (xj—z - Xy )(xi-l - xw) (xl' — Xy )(xi+1 - xw.)

(x,oy —x)(x —x)) (x; = x; )%y —x,)

Table 2 Computational conditions

Spool length L 7.0 35.0[mm]
Spool rod radius _#, 0.5 2.5[mm]
Spool radius _r, 1.0 5.0[mm]
Outer boundary radius r, 3.0 40.0[min]
Pressure difference A P 3.2X107| 3.4[MPa)

Residual at convergence 0.02
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Table 3 Computational grid
Steady (Test)
Calculation Al B | ¢ | D Unsleady
Spool stroke £ 0.2 0.025 0.03 0.1 0.2
N, XN, 50 [ 100 | 200 140
20 | x160 | %320 55x110 420x100 260x100 280x130 | »130
12000 <1< 4) 12000 <1< 4) 1/20(0=r<6)
Grid he | V101120 0 140 1 ys4<,<8) /5(4=1<8) H5(6S1<8)
size 1/5(0=7<3) 1/50S2<5) | 1/5(0=2<5) | 1/5(052<5)
B | V10120 | TR0 |y p035<s) | 17160 (552<7) | 18055 2<7) | 140(5S2<T) | 129
At 10% 1x10™ 2x10™
CPUtime[s] | 23 | 83 | 159 | 3.2 21.7 | 135 | 17.7 8.8
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Table 4 Time constans from numerical calcuation

¢ 0.05 0.2
7 1.64x10™ 5.30x10"
7, 1.76x10° 6.31x10°
a 1.00 1.00
a’ -1.00 -0.09

Fig.7 Vanation of flow rate and distance
of reattachmeat point
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