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in upper-nozzles
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Fig.3 Schematic diagram of flowrate measurement

in upper-nozzle
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Tab.1 Factors and levels

- K

1 2 3 4 5
A/mm 16 18 20 22 24
B/(kgs™") 0.13 0.14 0.15 0.16 0.17
C/mm 2.0 2.5 3.0 3.5 4.0
D/mm 1.0 1.2 1.4 1.6 1.8
E/(°) 0 3 6 9 12
F/mm -2 -1 0 1 2

T F U SR i B LT

MG 1o R AR 1 B3, 75 R IR AQ
T3 Los (5°) 2 58 M%7 R 2 T0K P 19 1E 38 43 A7 i
fifl, IR Bt Rtk 2 fioR.

®2 EXXR
Tab.2 Orthogonal experiment

VES H %

K% A/mm B/(kg-s™') C/mm  D/mm E/(°) F/mm
1 16 0.13 2.0 1.0 0 -2
2 16 0.14 2.5 1.2 3 -1
3 16 0.15 3.0 1.4 6 0
4 16 0.16 3.5 1.6 9 1
5 16 0.17 4.0 1.8 12 2
6 18 0.13 2.5 1.4 9 2
7 18 0.14 3.0 1.6 12 -2
8 18 0.15 3.5 1.8 0 -1
9 18 0.16 4.0 1.0 3 0
10 18 0.17 2.0 1.2 6 1
11 20 0.13 3.0 1.8 3 1
12 20 0.14 3.5 1.0 6 2
13 20 0.15 4.0 1.2 9 -2
14 20 0.16 2.0 1.4 12 -1
15 20 0.17 2.5 1.6 0 0
16 22 0.13 3.5 1.2 12 0
17 22 0.14 4.0 1.4 0 1
18 22 0.15 2.0 1.6 3 2
19 22 0.16 2.5 1.8 6 -2
20 22 0.17 3.0 1.0 9 -1
21 24 0.13 4.0 1.6 6 -1
22 24 0. 14 2.0 1.8 9 0
23 24 0.15 2.5 1.0 12 1
24 24 0.16 3.0 1.2 0 2
25 24 0.17 3.5 1.4 3 -2
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scheme No.5 (sectional view)
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Tab.3 Numerical simulation results of schemes

L HE M EERRE FORERE R
L /kPa /kPa /(kges™")  /(kges™") /%
1 150. 130 155.653 0. 126 0.13 -3.327
2 149.997 156.715 0.138 0.14 -1.238
3 149.816 157.521 0.148 0.15 -1.425
4 149.694 158.088 0. 154 0.16 -3.624
5 149. 484 158.300 0.158 0.17 -7.084
6 149.794 155.098 0.123 0.13 -5.039
7 150. 150 156. 268 0.132 0.14 -5.501
8 149.980 157. 466 0. 146 0.15 -2.687
9 149.805 158.357 0. 156 0.16 -2.629
10 149.545 158.952 0.163 0.17 -3.974
11 149.881 155.506 0.127 0.13 -2.133
12 149.738 155.833 0.132 0.14 -5.527
13 150.122 157.112 0. 141 0.15 -5.761
14 149.959 158.297 0. 154 0.16 -3.723
15 149.726 159.264 0. 165 0.17 -3.221
16 149.990 155.569 0.127 0.13 -2.357
17 149.840 156.303 0. 136 0.14 -2.662
18 149.605 156.540 0. 141 0.15 -5.99%4
19 150.036 157.980 0. 151 0.16 -5.855
20 149.868 159.219 0.163 0.17 -4.055
21 150.104 155.659 0.127 0.13 -2.396
22 149.954 156.430 0.137 0.14 -2.422
23 149.777 156.975 0. 144 0.15 -4.153
24 149.386 157.577 0.153 0.16 -4.328
25  150.059 158.950 0. 159 0.17 -6.294
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Tab.4 Result of range analysis

iH Gk
A B c D E F
K,  -16.70 -15.25 -19.44 -19.69 -16.23 -26.74
K, -19.83 -17.35 -19.51 -17.66 ~-18.29 —14.10
K;  -20.37 -20.02 -17.44 —19.14 -19.18 —12.05
K, -20.92 -20.16 =-20.49 -20.74 =-20.90 -16.54
Ks  -19.59 -24.63 -20.53 -20.18 -22.82 -27.97
K, -3.34 -3.05 -3.89 -3.94 -3.25 -5.35
K, -3.97 -3.47 -3.90 -3.53 -3.66 -2.82
K, -4.07 -4.00 -3.49 -3.83 -3.84 -2.41
K, -4.18 -4.03 -4.10 -4.15 -4.18 -3.31
Ky  -3.92 -4.93 —4.11 -4.04 -4.56 -5.59
R 0.85 1.88  0.62  0.62 1.32 3.18
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Fig.6 Levels and indicators graph of factors
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SR P , AT T A7 22 1 I i R 25 5 & B R
5 D Uz
AR RRRMER S U 12K T B R 0 R 2 R D
S E 2 LR M Z KT g S FiR 6 ZEBERIESR 2N,

) IEAZ BT AR 6 I . 7 KEEERUEHTRHBEESE
£5 KELEHLEHEZKE Tab.7 Numerical simulation results of schemes for

Tab.5 Factors and levels for optimized range of levels optimized range of levels

4 FRN=N e
i KF o I MR ZEFRRAE HFORERRE R
- 1 2 3 4 5 /kPa /kPa /(kges™")  /(kges™h) /%
A/mm 18 19 20 21 22 1 150.115 155.863  0.1284 0.13 -1.27
B/(kg's™") 0.13 0.14 0.15 0.16 0.17 2 150.058  156.733 0.1380 0.14 -1.41
C/mm 1.0 L5 2.0 2.5 3.0 3 149.785 157.577 0.148 9 0.15 -0.76
D/mm 1.4 1.6 1.8 2.0 2.2 4 149.515 158.327  0.158 1 0.16 ~1.19
ErC*) 0 1.3 3 4.5 6 5 149.661 159.655  0.1682 0.17 -1.08
F/mm -1.50 -0.75 0 0.75 1.50
6  149.749  155.391 0.1273 0.13 -2.07
ins 7 150.063 156.730  0.1380 0. 14 ~1.40
z6 KFELBEMUEHIEZIEIT
. 8  149.776 157.574  0.1490 0.15 -0.66
Tab.6 Orthogonal experiment for
L. 9 149.70  158.554  0.1588 0.16 -0.74
optimized range of levels
10 149.409 159.239  0.1669 0.17 -1.83
[A]
M= 11 149.836  155.639  0.1292 0.13 -0.65
: B/
LS A/mm . C/mm D/mm E/(°) F/mm 12 149. 656 156. 215 0.137 1 0. 14 -2.10
(kg-s™ ) 13 150.015 157.637  0.1474 0.15 -1.70
1 18 0.13 1.0 1.4 0 -1.5
14 149.808 158.537  0.1575 0. 16 ~1.54
2 18 0. 14 1.5 1.6 2 -0.8
15 149.563 159.506  0.1679 0.17 -1.23
3 18 0.15 2.0 1.8 3 0
4 18 0.16 5 s 20 5 0.75 16 149.927 155.783  0.1298 0.13 -0.13
5 18 017 3.0 29 6 s 17 149.772 156.487  0.1387 0. 14 -0.91
6 19 0.13 1.5 1.8 5 L5 18 149.528 157.008  0.1462 0.15 -2.54
7 19 0. 14 2.0 2.0 6 -1.5 19  149.928 158.552  0.1567 0. 16 -2.07
8 19 0.15 2.5 2.2 0 -0.8 20 149.729 159.632  0.1677 0.17 -1.38
9 19 0.16 3.0 1.4 2 0 21 150.027 155.866  0.1298 0.13 ~0.19
10 19 017 1.0 1.6 3 0.75 22 149.850 156.573  0.1389 0.14 ~0.78
11 20 0.13 2.0 2.2 2 0.75
23 149.652  157.300  0.1479 0.15 -1.42
12 20 0. 14 2.5 1.4 3 1.5
24 149.424  157. 1 1 -2.51
13 20 0.15 3.0 1.6 5 -1.5 ? 57.958 01560 0-16 >
" 20 0. 16 Lo - 6 o8 25 149.847 159.586  0.1664 0.17 -2.13
15 20 0.17 1.5 2.0 0 0
4"_'4 ~ M2, H= A
16 21 0.13 2.5 1.6 6 0 AR K EE B G 7 28 B0 B AR 3 & 1, ]
17 2 0.14 3.0 1.8 0 0.75 R E & H R R 2245 Rk 8 Fis .
18 21 0.15 1.0 2.0 2 1.5
®8 KTEEEMUEEEEZRENWER
19 21 0.16 1.5 2.2 3 -1.5 - Result of Iveis of sch .
20 51 0.17 2.0 - 5 0.8 ab.8 esult of range analysis of schemes for
21 22 0.13 3.0 2.0 3 ~0.8 optimized range of levels
22 22 0.14 1.0 2.2 5 0 %
23 22 015 L5 1.4 6 0.75 A 5 c 5 r E
24 22 016 2.0 1.6 0 1.5 K, -5.71 -4.31 -7.96 -6.91 -6.59 -8.57
25 22 0.17 2.5 1.8 3 -1.5
K, -6.71 -6.60 -8.20 -7.58 -7.47 -5.18
] . " s L L e K -7.23  -7.09 -6.70 -7.42 -6.95 -3.65
K- B AR G T 48 0 BUE RS Rl 72 5 O R i :
e . " K, -7.02 -8.05 -6.22 -6.54 -7.13 -6.00
J7 ZAR R o 38 XK AR AR G 25 ST R AR
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Fig.7 Levels and indicators graph of factors

for optimized range
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Tab.9 Numerical simulation results of schemes for

potential maximum error scheme

e R BIE  ZEEREE FOREnE s
N /kPa /kPa /(kges™")  /(kges™h) /%
1 149.943  158.586 0. 157 0.16 -2.015
2 149.449  157.931 0.155 0.16 -2.911
3 149.934  158.571 0. 157 0.16 -2.048
4 149.447 157.936 0.155 0.16 -2.872
5 149.942  158.557 0. 157 0.16 -2.062
6  149.461 157.916 0. 155 0.16 -2.953
7 149. 944 158.541 0. 157 0.16 -2.161
8 149.450  157.913 0.155 0.16 -2.908
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Fig. 8 Validation rig of flowrate measurement

in upper-nozzles
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developed and the optimal control was adopted to achieve the optimal shift quality. The shift sequence
coordinated control of shift out and gear selection was introduced, and the gearshift controller was
designed and tested. When the equivalent inertia was 0.03 kg - m’> and the speed difference was
620 r/min, the results showed that the shift time was 135 ms, the impact was 3. 86 m/s’ | and the friction
work per unit was 0. 077 J/mm*. The coordinated control method could be reduced to 11 ms. The test
results indicated that, combined with the designed control strategy, the novel gearshift system achieved
good shift performance.

Key words: 2-DOF electromagnetic actuator Automated manual transmission Synchronizing process

Optimal control
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Flowrate Measurement of Upper-nozzles in Cylinder Head
Based on Orthogonal Design Method

Wang Zhaowen Zhao Qiang Chen Xiong Zhang Kun Huang Ronghua
(College of Energy and Power Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract; With the improvement of power density of internal combustion engine, the coolant jacket
structure is becoming more and more important. The design and optimization of coolant jacket depend
heavily on the construction and position of the upper-nozzles, so that the flowrate measurement in the
upper-nozzles will benefit those design and optimization. However, during the flowrate measurement, the
construction parameters and installation parameters of the measurement rig will affect the measurement
error significantly. This paper explored the relationship between these parameters and the measurement
error by means of CFD numerical simulation based on orthogonal design method. In order to control the
measurement error in 3% , the flow in many upper-nozzle schemes were simulate, and then the range
analysis of the simulation results were achieved and the levels of each factor were optimized. After the
optimization, the suitable levels of each factor were determined, and the maximum measurement error of
the optimum schemes was reduced to 2. 95% . At the end, the paper achieved a measurement experiment
to correct the numerical simulation, and the difference between simulation error and experimental error
was only 2. 07% according to the experimental results, which verified the reliability of the numerical
simulation and accuracy of the measurement technology.

Key words: Cylinder head  Upper-nozzles  Flowrate measurement  Orthogonal design method

Structure parameters Installation parameters



