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Circulating Water Channel for Flow Visualization

Shigemi SHINDO*', Ryoji YANAGI*',
Fujio MIMURA®*?, Kimio SAKATA*!

ABSTRACT

This paper presents a description of a laboratory-size circulating water channel developed for flow
visualization study at the National Aerospace Laboratory. A vertical circulating water channel with
an open surface test section of 200mm X 200mm X 1200mm was designed and built. The channel has
remarkable and useful features, including stainless steel application to the wetted structures, which
is very tolerant with corrosion, fully transparent test section with acrylic resin and the secondary
water system with mass flowmeters for injection and/or bleeding. The design performances including
a maximum water speed of 1.5m/sec at the test section, turbulence level at lower than 1% and a low
enough magnitude of surging and standing waves are realized, and the flow quality was also satisfac-
tory. Several visualization tests are presented as typical cases of utilization of the channel, such as
film cooling of a turbine airfoil, flow around a delta wing and flow properties of a telescope enclosure.
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%1 WHROERAKE
i : Others
Establishment Cou_ntry Type of.tunnel Maximum velocity
City (test section (m)) (Reynolds Number) Fig. # ref. #
1 | NAE CANADA CWC, horizontal Fig. 3 ref. 1
Ottawa 0.25%0.33 3m/s(6.55%10°)
2 |UNIV. of OTTAWA CANADA CWC, horizontal 10m/s ref. 19
Ottawa Pressurized, ¢0.1
3 | UNIV. of B. C. CANADA CWC, horizontal (4%x10%) ref. 20
Vancouver 0.61x0.15
4 | BIAA CHINA CWC, vertical 0.5m/s Fig. 5 ref. 3
Beijing 0.20x0.20
5 | NPU CHINA CWC, horizontal ref. 4
Xian
6 | BERTIN FRANCE CWC, horizontal 0.5m/s(10°) ref. 7
Plaisir 0.40x0.40
7 | INST. AEROTEC. FRANCE CWC, horizontal 1.20m/s(10%) ref. 7
Saint CYR 0.45x%0.45
8 | BAE. U.K. CWZC, horizontal 3m/s(10X*) ref. 7
Warton 0.45X%0.45
9 | NPL U. K. CWC, horizontal 2.4m/s(5x10%) ref. 7
Teddigton 0.25%0.33
10 | NASA Ames USA CWC, horizontal, Pres-|6m/s(2X10*) Fig. 4 ref. 2
Maffett Field surized, 0.20%X0.30
11 | NAVEL SHIP R&D CEN- | USA CWC, horizontalCavita- | 100kt ref. 21
TER Taylor W. C. tion tunnel
12 | NASA Langley R. C. USA CWC, horizontalPitch | 0.3m/s(4.57X10%) Fig. 6 ref. 5
Hampton control, 0.127X0.127
13 | LOCKHEED USA CWC, horizontal 0.25m/s(0.5%10°%) ref. 7
Marietta 0.33%0.25
14 | NORTHROP USA CWC, horizontal, Verti- | 0.076m/s(3X10*) Fig. 7 |ref. 6,
Hawthorne cal, 0.4X0.61 17, 18
15 { OCEANICS INC. USA CWC, horizontal 12m/s(8 X 10°) ref. 7
Plainview 0.5%X0.5
16 | UTSI USA CWC, horizontal 12m/s(8 <X 10°) ref. 21
Tennessee 0.30x0.46
17 | WASHINGTON UNIV. |USA CWC, horizontal, Den- ref. 22
St. Louis sity stratified, 0.4X0.4
18 [ NAL JAPAN CWC, horizontal 2m/s(4.8X10°%) ref. 13,
Tokyo 0.20%0.20 23
19 | UNIV. of TOKYO JAPAN CWC, horizontal 2m/s(3.6X%10°%) Fig. 8 ref. 8
Tokyo 1.50X1.10
20 | KUBOTA JAPAN CWC, horizontal, Valve ref. 24
Osaka test, ¢0.1
21 | ARL AUSTRALIA vertical 0.76m/s(109) Fig. 10 ref. 9
Melbourne 0.25%0.25
22 | ONERA FRANCE vertical 0.25m/s(0.5%10°%) Fig. 9 |ref. 7,
Chatillon THI1 0.22X0.22 1.50m/s(6.5%10°%) ®, c) 25
TH2 0.45%0.45 0.065m/s(0.5%10°%)
TH3 0.80%0.80
23 | ISL FRANCE vertical 0.20m/s(10*) ref. 7
Saint Louis 0.25%0.25
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Establishment Cox{ntry Type of.turmel Maximum velocity Others
City (test section (m)) (Reynolds Number) Fig. # ref. #

24 | DASA(MBB) F.R. G. vertical 1.4m/s(0.6x10°) ref. 7
Ottobrun 0.34%0.34

25 | VKI Rhode BELGIUM vertical 0.21m/s (4 x10%) ref. 7
Saint Genese 0.15%0.15

26 | ARL AUSTRALIA tow tank 0.76m/s(x10%) Fig. 11 | ref. 15
Melbourne 0.30x0.30

27 | DLR F.R. G. tow tank 5m/s (5x10°%) ref. 7
Goettingen 1.10X0.90

28 | MATRA FRANCE tow tank 1.8m/s(10°) ref. 7
Velizy 1.0x1.0

29 | DOUGLAS AIRCRAFT |USA tow tank 2.45m/s(0.8x10°) ref. 7
Huntington Beach |0.60%0.35

30 | UNIV. of CALIFORNIA | USA tow tank, ref. 27
Richmond 2.44X1.7

31 | KYUSHU UNIV. JAPAN tow tank 0.30m/s(1.5%10°%) ref. 7
Kyushu 0.5%0.5

32 | OSAKA UNIV. JAPAN tow tank ref. 7
Osaka 0.3%0.3

33 | McDONNELL DOUG-|USA Jet Impingementable ref. 27

LAS Saint Louis

34 | STANFORD UNIV. USA horizontal, Curved wall Fig. 12 | ref. 10
California R=1.36

35/ JOHNS HOPKINS|USA horizontal, Density Fig. 13 | ref. 11

UNIV. Stratification 0.1X0.1 (a, b)

36 | UNIV. of TOKYO JAPAN horizontal Fig. 14 | ref. 12

Tokyo

CWC: Circurating Water Channel ([E]jfi7Ki&)
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