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Experimental Investigation on Heat Transfer Characteristics
of the Separated Flow Region in Diffusers
(2nd Report : Experiments by Air Flow in a Two-Dimensional
Unilaterally Diverging Diffuser)

By
Nobuaki Wakisaka

Abstract

In this 2nd report, the experiments are conducted through the two-dimensional unilater-
ally diverging diffuser of the dimensions of the throat width b, = 0.10m, the distance
between the paralell walls W = 0.15m and the length L. = 1.04m, and the diverging angle ¢
varies from 0 to 20 degree. The range of the # is different from the one in the Ist report
experiments although the area ratio is settled nearly equal. The air driven by the fan, fully
developed turbulent flow, inflows into the diffuser with Reynolds number Reo(DeoUo/v),
defined at the throat, ranged from 5Xx10* to 15X 10, and is exhausted through the outlet duct
to the laboratory.

The three types of flow regimes, Region- I, -II and -1II on the diverging wall are determined
mainly by means of flow visualization method using tuft and dry ice mist tracer. The local
heat transfer rate on the heated diverging wall is measured under the uniform heat flux
condition.
According to the velocity profile measurments, it is clarified that the velocity boundary
surface, on which 0 is always zero, lies steadily between the separated flow on the diverging
wall and the diffuser main flow. Contrary to the velocity profile performance at G = 0
position, it is proved that there is no appreciable boundary of the temperature distribution,
because the most of the temperature difference between the heating surface and the main
flow is given only at the very near to the heated diverging wall. Therefore, even though of
double deck structure of the stream, the over-all heat transfer could be managed only by
heat exchange between the separated flow and the diverging heated wall,
Heat transfer characteristics are afresh proved to be expressed by the following formula
h = &h:
hr is the basic heat transfer coefficient defined by the fully developed turbulent duct flow in
the imaginary straight duct at the diffuser section. Coefficient &, independent to Reynolds
number, is greater than unit in the separated flow region but approximately unit in the
unseparated one. The ¢ is shown, from the present data, strikingly to depend upon area ratio
AR, and so could be provided as follow.
e = f(AR)
However compairing with the Ist report results, e is presumed still more to be a function
of pressure recovery coefficient Cp and diverging angle 4.
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e = f(AR, Cp, 6)

It is therefore resulted that & would be regarded as being closely connected to diffuser

performance.

The investigation on these functions would be a further problem in the future.
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Table 1 Conditions of the experiments.

Present Report | 1st Report
Fluid air water

bo m 0.100 0.040
W m 0.150 0.060

L m 1.045 0.900
Deo m 0.120 0.048

) deg | 0,8,12,16,20 0,6,8
bo/W 2/3 2/3
L/Deo 8.71 18.8
L/bo 10.5 225

L, m 0.970 0.780

Li m 0.050 0.060
W, m 0.142 0.054
Uo m/s 7~22 0.3~3
Reo 5~15x10* 3~15x10*
To °TC 15~30 16~18
AT K 5~15 2~10

qQ w/m 2~5x102 1~1.5%x10*
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1 Fan. 5 Honeycombs. 9 Test diffuser.
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3 Dumper. 7 Orifice. 11 Air flow.
4 Meshed nets. 8 Manometer.
Fig. 3 Installation for the experiments.
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Fig. 4 Starting duct.
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Fig. 6 Pitot tubes and temperature probe.
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b. Copper plate.
Heating wall.

c. Bakelite.
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Table 2 Positions of the thermocouples
in the heating wall.

; X (mm) Z(mm)
TC-k 0° 8" | 12° | 16 | 20°
1 70 69 68 67 66 75
2 120 | 119 | 117 | 115 | 113 75
3 170 | 168 | 166 | 163 | 160 75
4 219 | 217 | 214 | 210 | 206 30
5 220 | 218 | 215 | 211 | 207 75
6 221 | 219 | 216 | 212 | 208 127
7 270 | 267 | 264 | 260 | 254 75
8 320 | 317 | 313 | 308 | 301 75
9 370 | 366 | 362 | 356 | 348 75
10 420 | 416 | 411 | 404 | 395 75
11 470 | 465 | 460 | 452 | 442 75
12 520 | 515 _509 500 | 489 75
13 570 | 564 | 558 | 548 | 536 75
14 620 | 614 | 606 | 596 | 583 75
15 670 | 663 | 655 | 644 | 630 75
16 719 | 712 | 703 | 691 | 676 30
17 720 | 713 | 704 | 692 | 677 75
18 721 | 714 | 705 | 693 | 678 | 127
19 770 | 763 | 753 | 740 | 724 75
20 820 | 812 | 802 | 788 | 771 75
21 870 | 862 | 851 | 836 | 818 75
22 920 | 911 | 900 | 884 | 865 75
23 969 | 960 | 948 | 931 | 911 30
24 970 | 961 | 949 | 932 | 912 75
25 971 | 962 | 950 | 933 | 913 | 127

Z=75mm=0.5W is on the centre line

of the D wall.
25) B{TU T TC-k /23 8HICk EFRT 22812
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Inclined manometer.

Orifice.

AC 100V for the auxiliary heater.
Slide resistance.

Digital potentiometer.
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1 Sheathed thermocouple.

2  Heating plate of copper.

3 Mica plate.

4 Main heater of stainless steel
plate of 0.lmm thickness.

5 Auxiliary heater same to the
main heater.

6 Insulations.

1 Spring.

8 Bakelite.

Fig. 8 Structure of the heating wall.

6 Minute thermometers.

7  Temperature junctions.

8 Lead wires of the thermocouples.
9 AC 200V for the main heater.

10 Heating surface.

11 Pitot tubes.

12 Temperature probe of thermocouple.
13 Exit thermocouple.

14 Strain meter.

15 Difference pressure gauge.

16 Fluid switch.

17 Vinyl tubes for static pressure.
18 Inlet thermocouple.

A Ammeter.
VvV  Volt meter.

Devices for the measurements.
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Fig.10 Rectangular plate orifice in the
rectangular starting duct.
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Table 3 Measured orifice coefficients.

Gv (m¥s) ac ac/ac (%)
0.158 0.670 +15
0.188 0.647 —-2.0
0.212 0.655 —0.8
0.238 0.671 +1.7
0.247 0.659 —-0.2
0.254 0.663 +0.5

ac 0.660

Table 4 Correlation between Reynolds
number and mean velocity of
the test diffuser.

6 (deg) | Reox10*| Uo (m/s) | U1 (m/s)
8 6 5 2.4
12 8 6 2.5
16 9 7 2.3
20 10 8 2.2
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Dry ice mist tracer flowing with
the separated reverse flow on
the diverging wall in the §=16"
diffuser, Reo=11Xx 10"
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Dry ice mist happens to reach the
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Fig.48 Normalized heat transfer coefficients
by hyo in the §=16" diffuser.
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Fig.49 Normalized heat transfer coefficients
by hr, in the §=20" diffuser.

TTLDTH 3. XifFIEThDETOESMLL,
Xs Tl » &5 I3 FHELT 5 mXide LR+ 2,
AR»SEIMTRENLEFLLICTA 7 2—
FROBZERZOAOBEFR 2 RERIZB LT Ll
THDEE>TEWTH S,
DUBEICRIRT 5% 5 1 EREGE T h 13 RS
WIRIZHFIL TET 2 & 4, haR I BV TOE %
0.8IEVEICE W LDICHAIL TR EHE 2 &
Do
WICAERER 2 E 13 & BRI L8 h, & LB
LTAhdILlT b, HEMEUNIZ Figs0 12RT &9

S TA 7 2=V OBMEER &, [{] —WiH aa’ T Z DI

(181)




28

F wall

R Real velocity

Flow K profile
—_—

\

i Fully developed

=" turbulent flow in
of straight duct

Imaginar
g'stra\)i(ght duct b Way
Fig.50 Concept of providing the basic turbulent
heat transfer coefficient h; of the
diffuser section.

2

HE2ET 2 RENLCEEOHENICHoREL -ELF
DRGERTHRERLIEZSDES 25, 7L CRERE
REDEE ¢, #FEL T2, 2ITFA 7 2a—FD
CARICHBESSHER T B £ Ded KE <D, WWXDMk%

&D5 2 TIHRESEXEBTRICHUIZBERD
THOLhD, INEREBEALBRBOES »3H
FTHEAERZER LBV, LrLEEEEIIDVWTEZ
i, ZOEETIOMEICNL THMERBHE
TR ERTEREOMLS LB T4 72 —% &Y
b, JVRVHERKMELELTEZTHS I, @), @
ROBThEEZL LR 6l OB 2R/ 5
Bz b, Figd2 o B THEE- 1 OFEFBHROER
DhiZZOEEENOHEEESGZDRBSABLT
WBDIE, 20L& EEOBENSERCHMLTY
L0 LBbhs,

Ll 2O i3 FEHBIE KRB EEDRREEE
WERRT 2005230 TRRV, ZOMOEE
WDOWTIEE 1 THICER 7225, hild—BHWwE 2
BALEBENFELLTOLDOT, O FRARX, fhoir
HCETOTHOmMD /2T 52 L bTEETH %,

ST ITREIRAKOADO h L EHfEL L D
B ERETL TIT 2 k2T 3,

Figbl 3 8B 0 IC X > T X AEICED &5 2l
EROLOLTFOEELIZLDTH S, hr%k hyo THE
WAt L1 THh %,

Z @ hy/hro & 55 O Fig.46~Fig.49 ® h/hoD K %
HEBT 22 EICKo TEHEh & HHEM h, & DBEE
HEMNTE %, Figh52 » 5 Fig55 i3 2 0BE 55T b
DT, EAEIZFHEE S > TRLF —F OEEEH
2L TH VT, BRI DO RAEITEE > T h A% heic bt

(182)

l.5 "'
|
|
i
-|
LoH
e |
< L
~ |
[ 5
< |
| .
0.5 g=go
- I /2°
-I /6°
| 20°
- |
0 | I S S N N S S S N |
Olsxm 05 10
(m)
Fig.51 Calculated basic turbulent heat transfer
coefficients ht of the test diffuser.
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Fig.53 Comparison of meaéured h wit ho
in the §=12° diffuser.
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Fig.59 Experimental & values

in the #=20" diffuser.
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