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Structural Optimization and Test of Double Row Suction Nozzles
for Reverse Circulation Drill Bits Used in Complex Formations
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(College of Construction Engineering, Jilin University, Changchun 130026, China. Corresponding author: YIN
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Abstract: The 4 main structural parameters of double row suction nozzles for 150 mm reverse
circulation drill bits used in multilayer goaf drilling were optimized by orthogonal design method
and CFD ( computational fluid dynamics) analysis. The analysis results indicated the primary and
secondary orders as follows: the inclination angle( 6,), the horizontal deflection angle(6,), the
vertical space (L) and the horizontal space (), with the most optimal parameter combination
being 6, =30°, 6, =10°, L= - 15 mm and S =10 mm. At the same time, the 150 mm reverse
circulation drill bit which adopts the most optimal parameter combination was carried on the
multilayer goaf drilling test. The test results showed that the reverse circulation drilling can still be
achieved through the first layer goaf, and the rock sample with large particles can be continuously
discharged from the borehole bottom to the earth surface. The problem on multilayer goaf drilling
and measurement in mines can thus be resolved.

Key words: reverse circulation drill bit; double row suction nozzle; orthogonal design; CFD
analysis ; multilayer goaf drilling
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Structural parameters of double row
suction nozzle
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Table 1 Orthogonal factor level table for structural parameters of double row suction nozzles
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Table 2 L, (4°) orthogonal table for structural parameters of double row suction nozzles

W5 o 251 by
L S 0, 6, O/ (kges™)
1 1 1 1 1 1 0.1837
2 1 2 2 2 2 0.1586
3 1 3 3 3 3 0.089 8
4 1 4 4 4 4 -0.0279
5 2 1 2 3 4 0.122 1
6 2 2 1 4 3 0.0256
7 2 3 4 1 2 0.1758
8 2 4 3 2 1 0.157 1
9 3 1 3 4 2 0.003 6
10 3 2 4 3 1 0.065 8
11 3 3 1 2 4 0.166 1
12 3 4 2 1 3 0.1859
13 4 1 4 2 3 0.1256
14 4 2 3 1 4 0.176 1
15 4 3 2 4 1 0.036 1
16 4 4 1 3 2 0.108 5
K, 0.404 2 0.4350 0.4839 0.7215 0.4427
K, 0.480 6 0.426 1 0.5027 0. 607 4 0.446 5
K, 0.4214 0.467 8 0.426 6 0.386 2 0.4269
K, 0.446 3 0.4236 0.3393 0.0374 0.436 4
k, 0.1011 0.108 8 0.1210 0.180 4 0.1107
k, 0.1202 0.106 5 0.1257 0.1519 0.1116
k, 0.105 4 0.1170 0.1067 0. 096 6 0.1067
k, 0.1116 0.1059 0.084 8 0. 009 4 0.1091
W2 R 0.0191 0.0111 0.0409 0.1710 0.0049
oK 2 3 2 1 2
FIRHEEHT 3 4 2 1 5
#*3 WHENBFLEHWSHAESTER
Table 3 Variance analysis for structural parameters of double row suction nozzles
25515 257 Jr F1 SS H I df ¥ 75 MS Fy, BEMIKT a
L 0. 000 825 40 3 0.000275 13 15. 00 iTE
S 0.000 311 49 3 0. 000 103 83 5. 66 AN
0, 0.004 041 12 3 0.001 347 04 73. 46 EERE
0, 0. 068 058 04 3 0.022 686 01 1237.15 MERE
TR2E 0, 0. 000 058 04 3 0.000 018 34
Jviil 0.073 291 06 15

8 F ORISR F,  (3,3) =5.46,F, s (3,3) =9.55,F, , (3,3) =29.46.
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Fig. 2 Variation of suction capability Q with 8, while L
and 8, are changing
(a)—L= -10 mm; (b)—L= —-20 mm;

(¢)—L = -30 mm.
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Fig. 3 Variation of suction capability Q with 6, while S
and 6, are changing

(a)—S =8 mm; (b)—S =10 mm;
(¢)—S =12 mm.
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Fig. 4 Variation of suction capability Q with L while 8,
and S are changing

(a)—0, =10°; (b)—6, =15°; (c¢)—0, =20°.
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Fig. 5 Variation of suction capability Q with S while 8,
and L are changing

(a)—0, =30°; (b)—0, =45°; (c)—0, =60°.
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