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Research on measurement uncertainty evaluation of direct
flow wind tunnel
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Abstract: In order to scientifically analyze the quality of operation data of the direct current wind tunnel, taking the
WZ860070—E type direct current wind tunnel as the research object, the test experiments on the flow field uniformity
and stability of the wind tunnel were carried out with reference to QX/T84—2007 "Performance Test Specifications for
Meteorological Low-Speed Wind Tunnels". The measurement result uncertainty evaluation was carried out for the test
results of flow velocity uniformity and stability at the test points of 2, 40, and 60 m/s through the GUM method. The
experiment shows that the component introduced by measurement repeatability is the main influencing quantity, the
evaluation result of expanded uncertainty basically meets the qualified criterion of JJF 1094 — 2002 " Evaluation of
Measuring Instrument Characteristics”, and the credibility is relatively high, affected by the performance of the test
equipment and external factors, the expanded uncertainty results of the measurement results of the uniformity and
stability of the 2m/s wind speed flow field are larger compared with those of the high wind speed.

Keywords: direct current wind tunnel; uniformity; stability; uncertainty of measurement

T W IR B AR R A M L T e
HOVE BEF R I3 O X I 2 R AT R R B E . )R
LR FEFETHEWRBOUTENLE, XIS IA
% WZ860070—E 5 70 m/s 13t =X XU F 3734 514 iR

0 5 F

AT AT A B 35 A P DR A2 S L MR XLk A% i 4
R AR T Z AT T W A 350K B A5 . Wl st

DRG] BTG i ik A 52 B it R SR R AR 1138 28 X B0
SRR A3 Jay e B B R G AT M T 7 XL A% e i )
BRUEBE A o S WO X AL s T i e 42 2 20 A2 E 1 ==
U R 1) 23 S0 O

75 B #5:2024-07-19

Gy g M A M 7 5 R B M RE 2 45000 BT, o8 3 ) 3
P 1R 22 G5 B T et A S JELAR R A )k 5 SRR W E T
SE o B AHT AR R AT B Rl R ) A e N B
SR X DZS— I8 40 m/s B 200G AR 3 XTR 0 d

TEEWEEZTE ORI E (R [2021] 50 SO B )

Hh B O T

EAARFMEEAR — 141 —



WRSHXR

S SR R BE O R T L A5 Hh XU S A 1 R B R S 4
AR K BT R A ok iy s . ik s % Xt HDF —
500 T [ 37 AR o XU ) b 285 R R 2 B R PR A L B R
T HBEAR AT ok (5 L UE B PR BE R 2R A W A2 T O A2 A
FERZ A B S P S5 SR T (S R AR . sk 45 o o 4
TR V25 TR T R A DR S g AR X ) S
SERE IR TR R R

DRI 32 3 B4 0 38 4 AR 8 A 3 A 455 O 2 A0 M
TRARE MR AF , FL I IR 2 B 52 il ) X A R T R A R
PIMERPE S T RE PR . B AR SO0 AR 3 o 0 VR O R e R A
8 43 LU 2 XU 38 AT 8Os ME s M 25 6 5 IR R A
2z T I SR B R 52, L WZ860070 — E A B 3 5
KU B TR 4, 25 AR ifE QX/T 84— 2007¢ AL K
) 1 A I BT ) A 3 T 32 L % XU A O 2 2 A0 R
Yk e M AT MR 5L 50, 9T 3 T GUM 32 X0 2 45 R 4531
FEEAH R B T,

1 MEFEIE

L G S 3 36 BE 5 B 5 RO Tl Y B X
] 32 5 ol R KT R B T 4 B S XL P B
By B A SR L S DX IR A R B A R
TR AR B2 ) RS E BT Y . RO AR E B A
BT OE IRTE GRER KGE A (2 m/s BT XU 45
for AVER S 4G I ASCAG B N AR 40 L 6 M S DX 3
R B 50 R RG A P R AT I S 5 G U 25 A 1
FroR .

— REREE | BB [

BT RUIR I AR S 45

Structure diagram of wind tunnel

A 4

X
OIS

Fig. 1

measurement system

2 Wik AE
2.1 RiEHEMHE

Z: IBARE QX/ T84 — 2007¢ <, G AR 1 XU 4 il ] 3 10
T ) R AL 4 ) M 3R ok R T X KU 9 34 g
IR, SRR I8 BN R e 2% A R I R i, A
B A OO TG L A 5~10 em Al PR EE— AN T E
I 7TAE

SR FAM R 2SR B i 141 5 1 2 . AR

— 142 — HEHABRTFMELEAR

2024F 8 B
$43% FHOH

gy = max(| v, —v, |) n=1,2,,10 (D
A g, BEB AT EI SR % v, FREn A
A KA 5 0, FR 5 n 155 j A0 55 1 X 1

RIS T RIS B

p="0%100% 0= 1,2,-,10 (2)
v
PN
g = i = 1,2, min = 1,2,++,10 (3)
mn

Ao e g Rz K ST BT AP v FoR iz K
T2 R .
2.2 REREM

Z: BFRUE QX /T84 —2007¢ 3 G Ak XU 1 i I 4 B
) A R e 3 9 R 9 =X R R U
AL, P AR e PR

o ‘Uffv‘

74~——;—Jﬁx1w96 €Y)

K. g FTRBEME v, TR MR A 0 A BRI TR
s o FaRFRMIRF 1 min P29 05 5 .
3 MWKERERAHEEEESH

WZ860070 — E A1 B 9 =X XU IF i 3 35 B A 0.5 ~
70 m/s, EPE 2.40.60 m/s 55 3 AL A5 AT A G 1 4
PR R T M B I3 ST 8, I 8 S BT A N A SRR
FE B
3.1 tRAEEE

FE S50 2 B A, %o L KU 08 AT R 3 T SR A
B o 7 ELAG B B FE 0 TR A L B 2 TR T B B 05 1 12 %
B AR E 1 FiR",

R1 EFEEARER

Table 1 Technical specifications of standard instruments
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Table 2 Basic parameters of velocity uniformity
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Table 3 The wind speed value of velocity uniformity
3 S RGE / (moe s )
g H1d %28 F3d B4 %54 %64 - %8 ol  Hlod
1. 95 1. 95 1. 95 1. 94 1. 94 1. 94 1. 95 1. 95 1. 95 1. 95
1 39. 84 39.97 39.78 39. 87 39.94 39.78 39.94 39.87 39. 89 39.89
60. 23 60. 19 60. 30 60. 28 60. 26 60. 23 60. 25 60. 35 60. 22 60. 29
1. 96 1. 95 1. 96 1. 97 1. 97 1. 97 1. 96 1. 96 1. 96 1. 95
2 39. 90 39.95 39. 85 39. 89 39. 85 39. 85 39. 83 39. 88 39. 80 39. 88
60. 34 60. 21 60. 24 60. 29 60. 19 60. 14 60. 29 60. 26 60. 25 60. 28
1.95 1. 96 1.95 1.95 1.95 1. 96 1.95 1.95 1.95 1.95
3 39.93 39. 84 39. 81 39. 86 39. 87 39. 82 39. 94 39. 81 39. 84 39. 89
60. 20 60. 20 60. 22 60. 06 60. 16 60. 13 60. 21 60. 15 60. 21 60. 20
1. 96 1. 95 1. 95 1. 96 1. 95 1. 94 1. 95 1. 96 1. 95 1. 95
4 39.77 39.77 39. 81 39.78 39. 74 39.76 39. 86 39.75 39. 83 39. 84
60. 29 60. 06 60. 06 60. 14 60. 12 60. 22 60. 24 60. 20 60. 11 60. 07
1. 96 1. 96 1. 96 1. 96 1. 95 1. 94 1. 95 1.95 1. 94 1. 95
5 39. 86 39. 80 39. 86 39. 88 39. 80 39. 80 39.78 39. 81 39. 85 39. 85
60. 01 60. 07 60. 02 60. 01 60. 03 59. 94 60. 05 60. 04 60. 12 60. 09
1. 96 1. 95 1. 95 1. 96 1. 95 1. 95 1. 95 1. 95 1. 94 1. 95
6 39. 87 39. 88 39.93 39.91 39.95 39. 84 39. 90 39. 84 39. 85 39.99
60. 06 60. 03 59. 88 59. 97 60. 00 59. 92 59. 87 59. 95 59. 96 59. 90
1.95 1.95 1.96 1.96 1.95 1.95 1.96 1.95 1.95 1.96
7 39. 93 39. 95 39. 92 39. 98 39. 96 40. 00 40. 03 39.91 39. 94 39. 89
59.93 59. 94 59.91 59. 88 59. 94 59.79 59. 83 59.93 59. 94 59. 94
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Table 4 The wind speed value of velocity stability
HURES SMWHH/ (m s D
SV 514 52 4 553 4
0 2.05 40. 08 59.72 2.05 40. 07 59. 68 2.05 39.99 59.75
5 2.05 40. 01 59.62 2.04 40. 03 59.56 2.04 39.99 59. 68
10 2.05 40. 06 59. 69 2.05 40.13 59. 65 2.04 40. 11 59. 65
15 2.05 40. 01 59. 69 2.04 40. 02 59. 60 2.04 40.12 59. 60
20 2.05 40. 12 59. 66 2.05 40. 15 59. 67 2.05 40. 08 59. 62
25 2.05 40. 09 59. 69 2.05 40. 06 59. 67 2.05 39.99 59. 54
30 2.05 40. 00 59. 76 2.05 40. 08 59.55 2.05 40. 06 59.59
35 2.05 40. 06 59. 77 2.05 40. 06 59. 85 2.05 40. 05 59. 68
40 2.05 40. 08 59. 64 2.04 40. 07 59. 66 2.05 40. 03 59. 70
45 2.05 40. 07 59. 66 2.05 40. 04 59. 65 2.05 40. 09 59.61
50 2.05 40. 08 59. 68 2.04 40. 04 59. 68 2. 04 40. 03 59. 66
55 2.05 40. 06 59. 67 2.05 40. 12 59.56 2.05 40. 00 59. 64
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Table 5 The data of velocity uniformity and velocity stability
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pILRZ WY 2 m/s 40 m/s 60 m/s
it X A 0.63 0. 49 0.33
it AR E M 0. 40 0.19 0. 34
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Table 6 Measurement repeatability introduces uncertainty
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Table 7 Summary of components of standard uncertainty
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Table 8 Sensitivity coefficient of the three test points
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Table 10 Expanded uncertainty

KE/(m e s ') 2 40 60

Uk = 2) 0. 003 2 0.001 4 0. 002 0
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(me s ) 2 40 60
Cu, 0.512 4 0.025 1 0.016 6
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Table 11 Measurement repeatability introduces uncertainty
W3 2 m/s 40 m/s 60 m/s

WARMEMZE  0.003 514 0.041 239 0.080 690

u(H,) 0.001 014 0.011 905  0.023 293
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Table 12 Summary of components of standard uncertainty

Table 9 Combined standard uncertainty (me+s™ ")
ABES 2 10 60
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Table 13  Sensitivity coefficients of the three test points

v/
et 2 10 60

Cu,, 0.488 793 0.024 955 0.016 765
c, —0. 009 286 —0.000 012 —0. 000 009
Ce —0.023 898 —0.011 351 —0.019 205
Cr —0. 000 084 —0. 000 040 —0.000 071
cr, 0. 000 000 24 0. 000 000 12 0. 000 000 24
cy —0. 000 001 44 —0.000 000 72 —0.000 001 32
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Table 14 Combined standard uncertainty
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Table 15 Expanded uncertainty
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Table 16 Uncertainty determination of velocity uniformity
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W3 5 MPEV U, ?MPEV
2 m/s 1.0 0.32 0.33
40 m/s 1.0 0.14 0. 33
60 m/s 1.0 0. 20 0.33
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Table 17 Uncertainty determination of velocity stability %)
HIRE WY MPEV Uy ?MPEV [A] MPEV-Uy;
0.5 0. 54 0.33 0. 40 —0. 04
2 m/s
1.0 0. 54 0. 33 0. 40 0. 44
40 m/s 0.5 0.06 0.17 0.19 0. 44
60 m/s 0.5 0. 08 0.17 0. 34 0.42
A FLER B R E M A BRI AR 2 m/s S DATR Wik meteorological ~ low-speed wind tunnel  [J].
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