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Study on the micro fan aerodynamic performance testing
technique with flow balancing method
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Abstract: To solve technical problems of small flow measurement and automatic flow regulating in micro fan aerodynamic performance
testing system, a micro fan aerodynamic performance test technology based on the flow balancing method is proposed. Based on the
principle of the flow balancing method, the characteristics of aerodynamic and flow regulating of the pipe system are analyzed. Because of
adopting flow balancing method, the overall impedance of the pipeline system is basically unchanged when switching on different working
channels, and the intended flow rate can be obtained by combining different measuring branches. Theoretically, according to the valve

w1

switching on or off, the flow rate of one of the parallel measuring branches is either “1” or “0”, thus it is very convenient to obtain the
required flow rate by combining different branches. Experiments were carried out, including flow calibration, flow regulation performance
tests and aerodynamic performance test for a micro fan. The results show that flow regulation performance of the combination method
meets the expectation, and the combining flow regulation method works well in the micro fan testing experiment, which proves the
practicability of the flow balancing method for the micro fan aerodynamic performance testing technique.
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Fig. 1 Diagram of micro fan test system with flow balancing method
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Fig.2 Schematic diagram of piping system model
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Table 1 Pipeline combination list
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B2 ORENGE 0/, i=1--4)

(1) 2(2) 3(14) 4(8) (070Q,) 0 /%
1 X % x < 0 0.0
2 Vv X x < | 6.7
’ * v % x 2 13.3
! v v % X 3 20.0
; * X v X 4 26.7
o v X v x 5 33.3
7 * v v x 6 40.0
) v v v x 7 46.7
’ * X x 4 8 53.3
ooV X x 4 9 60.0
! * v % 4 10 66.7
2 v v % 4 11 73.3
B * X v 4 12 80.0
oV X v 4 13 86.7
15 * v v 4 14 93.3
16 v v Vv vV 15 100.0
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Table 2 Calibration data of a single capillary based on laminar flow element E4
=g
£IE AP ey , B g 8 VRREREAA 22
TEIESL Re . q, ~ 4y
/Pa (L-min™") (L/min) q, = qy (L/min) i x 100%

6.5 0. 006 18 8.7 0. 005 37 0. 000 81 0.11
10.3 0. 009 72 13.7 0. 009 03 0. 000 68 0. 10
16.7 0.015 51 21.9 0.015 23 0. 000 28 0.04
33.8 0.031 41 44. 4 0.031 61 -0. 000 21 -0.03
218.7 0. 190 24 269.0 0. 194 59 —-0.004 35 -0. 61
362.5 0.306 59 433.6 0.305 77 0. 000 82 0.11
587.0 0. 464 52 656.9 0. 459 82 0.004 70 0. 66
909. 5 0.654 76 926.0 0.659 51 —-0.004 75 -0. 66
1 086. 6 0.771 05 1 .090.5 0. 768 89 0.002 16 0. 30

®3 ERxf E3WEHE

Table 3 Testing data of laminar flow element E3

PR W) 2 Tl AR AR R 2
ZJE AP Ml g,/
q./ 9w =47 4, 4,
/Pa (Lemin™") x 100%
(Lemin™") (L-min™") qrs
14.1 0.01359 0.01276 -0.000 83 -0.12
22.3 0.021 38 0.02069 -0.000 69 -0.10
36. 4 0.034 12 0.034 15 0. 000 03 0.00
74.5 0.069 09 0.069 73 0. 000 64 0.09
519.5 0.418 52 0.41547 -0.003 05 -0.43
924.9 0.674 51 0.668 90 -0.005 61 -0.78

0.8

—H—— dataof E4
X data of E3
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Fig.3 Calibration data of laminar flow elements E4 and E3
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Table 4 Data of flow regulating test
PSR ZH G i ST T 1(200 Pa) ST 2(500 Pa) S T4 3(800 Pa)
, 0/ ,. . o , - 0/ , o
0/Q, 0/ % (Lomin™) Q' /% Q"-Q7/ % (Lomin) 0"/ % Q"-Q7/% (Lomin) 0"/ % Q"-Q7/%
1 6.3 0.87 6.3 -0.1 1.94 6.6 0.2 3.03 6.8 0.4
2 12.7 1.75 12.5 -0.1 3.86 13.1 0.4 6.09 13.6 0.9
3 19.0 2.56 18.4 -0.6 5.70 19.3 0.3 8.99 20.0 1.1
4 25.3 3.46 24.8 -0.5 7.56 25.7 0.3 11. 84 26.4 1.1
5 31.6 4.24 30. 4 -1.2 9.34 31.7 0.0 14. 64 32.7 1.0
6 38.0 5.42 38.9 0.9 11. 81 40. 1 2.1 18.51 41.3 3.3
7 44.3 6. 19 44. 4 0.1 13.58 46. 1 1.8 21.30 47.5 3.2
8.8 55.7 7.09 50.9 -4.8 14. 89 50.5 -5.2 22.52 50.2 -5.5
9.8 62.0 8. 14 58.4 -3.6 17. 04 57.8 -4.2 25.71 57.3 -4.7
10. 8 68. 4 8.72 62.6 -5.8 18. 60 63. 1 -5.3 28.33 63.2 -5.2
11.8 74.7 9.78 70.2 -4.5 20.79 70.5 -4.2 31.56 70. 4 -4.3
12.8 81.0 10. 47 75.2 -5.8 22.39 75.9 =5.1 34.17 76.2 -4.8
13.8 87.3 11.58 83.1 -4.2 24. 66 83.6 -3.7 37.47 83.6 -3.8
14. 8 93.7 12.74 91.4 -2.2 27.08 91.8 -1.8 41.37 92.3 -1.4
15.8 100.0 13.93 100.0 0.0 29.49 100.0 0.0 44. 83 100.0 0.0
x5 (IAR 2,500 Pa) BEITHEEFE RS EREEE
Table 5 Differential pressure data of laminar flow elements and total
pressure drop of each pipe ( working condition 2, 500 Pa)
PR A Yg 1 X2 S 3 S 4 AR H R
Q/Q, APy, /Pa w/ % APy,/Pa w/ % AP;/Pa w/ % AP.,/Pa /% P,/Pa
0 - - - - - - - - -489.5
1 478.2 -0.9 - - - - - - -474. 1
2 - - 476.2 1.1 - - - - —-481.6
3 472.6 -0.7 464. 5 1.0 - - - - -469. 3
4 - - — - 464.5 5.0 - - -488.9
5 476.3 -0.4 - - 453.3 4.4 - - -474.4
6 - - 498. 8 1.2 481.5 4.6 - - -504. 8
7 495.9 -0.6 486.7 1.2 470.7 4.5 - - -492.7
8.8 - - - - - - 407.6 14.9 -478.9
9.8 489.5 -0.7 - - - - 413.2 15.0 -485.9
10. 8 - - 471.3 1.7 - - 403.9 15.7 -479.3
11.8 485.3 -0.6 478. 1 0.9 - - 409. 6 15.1 -482.6
12. 8 - - - - 459.3 5.2 407. 8 15.8 -484.5
13.8 490. 6 -0.3 - - 466. 3 4.7 413.9 15.4 -489.2
14.8 — - 493.5 1.2 476.9 4.5 422.7 15.4 -499.5
15.8 512.3 -0.7 502.7 1.2 484.8 4.7 428. 8 15.7 -508.9
3.2 BRI A 3 (5 XU D S 56 T A 4T ) BliE , T DL S
ST T E 4 3 B = S m KU AT TR - e STV AR BRI/ Sk XU TR R ()2 T
(P-Q) PEREMIR, I V0L 76 2 A 0 XU i 4 4 o7 4o PR ETE 700 Pa A2A45 , Bl JXUSS i AR X AR /N ), #50 IXL

JEA S RAEBRARAL . KU B L5431 2 6005 (5.0
H,FPA A 5 mmx60 mm) 2007 (Rlw =X, HR
20 mm, JEE 7 mm) 4010 (#H 2, B2 40 mm, JEE
10 mm) ,

6 J U DN EE 2551 X HEER 6 HhXUE 6005 FIE 4

B/
ALl

JE R TR R AR N, AR 6 v 3 A XURE X
JLE Q-Q7 Kt , AT LAFE 13X 3 AN [) ALAR I )
AR I B A O 25 P — B, Ul R X i
T 7 IR T AN [ XU R Y
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Table 6 Testing data of micro fan
PG 5 i AU 2007 AU 4010 AU 6005
00, Qv% v B Q/% O-Q7/% P./Pa . 0 /% Q-Qy/% P./Pa 4 . 0/% Q-Qyp/% P./Pa
(Lemin™") (Lemin™") (Lemin™")

0 0 0. 00 0.0 0.0 5.24 0.0 0.0 0.0 41.5 0. 00 0.0 0.0 32.0

1 6.3 0.31 6.3 0.0 4.96 2.54 6.7 0.4 39.0 2.81 6.8 0.5 30.7

2 12.7 0. 61 12.5 -0.2 4.67 5.03 13.4 0.7 36.3 5.55 13.4 0.8 29.3
3 19.0 0. 88 18.0 -1.0 4.41 7.41 19.7 0.7 34.1 8.22 19.9 0.9 27.6
4 25.3 1.19 24. 4 -0.9 4.05 9.79 26.0 0.7 32.3 10. 82 26.2 0.9 25.9
5 31.6 1.44 29.5 =2.1 3.75 12. 11 32.2 0.6 29.3 13.37 32.3 0.7 24.1
6 38.0 1. 86 38.1 0.1 3.05 15.20 40.4 2.4 25.7 16. 82 40.7 2.7 21.1
7 44.3 2.09 42.8 -1.5 2.74 17. 46 46.4 2.1 22.1 19.32 46.7 2.4 18.9
8.8 55.7 2.48 50.7 -5.0 2.28 18. 83 50. 1 -5.6 20. 8 20. 36 49.3 -6.4 18.3
9.8 62.0 2.87 58.8 -3.2 1. 86 21.50 57.2 -4.8 17.9 23.33 56. 4 -5.6 15.7
10.8 68. 4 3.06 62.7 =5.7 1. 61 23.56 62.6 -5.8 15.1 25.59 61.9 -6.5 13.4
11.8 74.7 3.40 69. 6 =5.1 1.19 26.29 69.9 -4.8 9.8 28. 63 69.3 -5.4 11. 1
12.8 81.0 3.65 74.7 -6.3 1. 00 28. 41 75.5 -5.5 6.7 31.04 75.1 -5.9 9.2
13.8 87.3 4.02 82.3 -5.0 0.57 31.42 83.5 -3.8 4.4 34.23 82.8 -4.5 6.6
14.8 93.7 4.39 89.8 -3.9 0.32 34.49 91.7 -2.0 1.9 37.82 91.5 -2.2 3.7
15.8 100. 0 4. 89 100. 0 0.0 0. 00 37.61 100. 0 0.0 0.3 41.33 100. 0 0.0 0.5
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Fig.4 Miniature fan P-Q performance curves
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