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Experimental Investigation on Heat Transfer Characteristics
of the Separated Flow Region in Diffusers :
(1st Report : Experiments by Water Flow in‘a Two-=Dimensional
Unilaterally Diverging Diffuser)

. By
Nobuaki WAKISAKA

Abstract

The purposes of the present investigation are to accumulate the basm data on heat
transfer characteristics of the separated flow region in diffusers and also to analize them
from the standpoints of conveniences for industrial use. .

In this 1st report, the experiments are conducted through water ﬂow usmg a two-
dimensional unilaterally diverging rectangular.diffuser with the dimensions of the throat
section 0.04m X 0.06m, of the diffuser length 0.90 - m and with the variable diverging angle ¢
from 0 to 10 degree. Reynolds number Reo, defined at the throat, varies from 3X10* to 15X
104, .

The proper initial point of separation Xi and separation point Xs on the diverging wall
are determined independently to the Reofor §= 6° and 6= 8° respectively, by means of
flow visualization method of observing the patterns of hydrogen bubble streak lines. Then
the following three types of flow regimes are simultaneously confirmed as a steady flow
condition from the throat to the exit successively on the diverging wall.

~Region-1 Region of unseparated flow

Region-II . Region of intermittent separated flow -

Region-1II Region of fully developed separated flow- ,

The local heat transfer rates are measured through the heat flux meter method in or-
der to limit the error of local heat flux losses. :

As the results, the diffuser performances are rather successuful in splte of the apparent
separation flow occurrence. Meanwhile the heat transfer rates do not so much decrease in
the Region-II and Region-IIl comparing with the reduction of mean flow velocity caused
by expanded channel. Then it is proved that the local Nusselt number of the whole, sepa-
rated and unseparated, region shoud be directly proportional to the 0.8 power.of Reyn-
olds number under constant Prandtl number as like as a correlation of heat transfer
for the ordinary fully developed turbulent duct flow.

In this connexion, the more practical correlation of heat transfer in the_ diffuser is
proposed as follow
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h=¢ h;
where h is the local heat transfer coefficient regardless of flow regimes and hy is the one
formally calculated by the well-known prediction for turbulent duct flow. The present
experimental data show that the coefficient & is unit in the Region- I, on the other hand
in the separated flow regions ¢ is undoubtedly greater than unit. Therefore & is regarded
as the one of the particular parameters representing the heat transfer characteristics of
diffuser flow with separation. And h in separated flow regions could be easily predicted if
the & would be given by a generallized form.
The investigation on & should be a further problem in the future.
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Fig. 1 TFlow regimes in the two-dimensional

symetric straight wall diffusers.

Table 1 Conditions of the experiments by
VanSANT and LARSON ¢

Fluid , Air
bo (m) 0.051~0.154
L - (m) 0.912 0
¢ (deg) 0~45
Uo (m/s) 4.2~76
AT K) 6~23
Reo =Uobo/v 4~30X10*
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Fig. 2 Geometry of two-dimensional unilaterally

diverging diffuser.
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Fig. 3  Sketch of the flow patterns onthe D wall in
the unilaterally diverging diffuser.
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Fig. 4 Patterns of the streak lines corresponding

to each flow regime.
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Fig. 5 Scheme of the experimental apparatus.
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Fig. 8 Dimensions of the test diffuser.
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Fig. 9 Apparatus and instruments for the flow

visualization method using hydrogen bubble
tracer.
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Table 2 Positions of_ the heat flux meters for
0=0° and Cho values

» _ max. and min.
HFM No.| X(mm) | Cho Cho rates to Cho (%)

1 106 | 1.10 +12, — 6
2 131 1.09 + 7
3 160 1.06 +11, — 9
4 190 1.04 + 8, —10
5 219 1.10 +12, — 9
6 253 —* —
7 280 1.13 + 8, — 4
8 312 1.33 + 2, — 4
9 344 1.24 +10, — 5
10 375 1.36 + 8, — 9
11 406 1.20 + 5
12 438 1.08 +13, — 5
13 468 1.27 + 8, — 5
14 500 1.20 +15, — 8
15 531 1.28 + 9, —13
16 563 1.12 +13, — 7
17 594 1.01 + 5 — 4
18 625 1.01 + 6, —13
19 656 1.11 + 6, —5
20 687 1.08 + 8 — 5
21 723 —** —
22 749 1.10 +17, —'9
23 794 1.03 + 5 -7

Every Cho is available for Qu <1800W
* broken down before the operation
** bad performance
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Fig.13 Dimensions of the heating wall.

heating wall (D wall).
thermocouple wires.
temperature junctions.

minute thermometer.
digital potentiometer.

volt meter.

ammeter,

slide resistance.

AC 200 V.

Pitot tube for the flow meter.
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thermocouple for inlet water temperature.

manometer.

static pressure taps.

¢ [UlLe

thermocouple for outlet water temperature.
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manometer.

Fig.14 Schematic diagram of the experimental apparatus.
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Photo 2 Heating wall.

Photo 3 View of the experimental apparatus.
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Photo 4 Hydrogen bubble streak lines of the separa-

" ted reverse flow on the D wall in the
Region-1II at X=0.70 m for =8, Uo =1.
19 m/s and R.o=5.3x10* by shutter
speed 1/ 30 sec.
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Table 3 Positions of separation occurrence

X X

o (deg) . | X (m) AR | X (m) AR
6 0.40 2.1 | 0.72 2.9
8 0.25 1.9 0.55 2.9

i T T T T ' T T T T l 1
0 05 10
X (m)

Fig.15 Flow regimes in the test diffuser.
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Fig.16 Measured pressure recovery coefficient Cp
and diffuser efficiency 7 curves of the test
diffuser.
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Fig.17 Distribution of the heat fluxes along the X
direction in the heating wall.
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Fig.18 Uncorrected experimental results of heat
transfer coefficients h,’ of the test diffuser
for §=0° as a rectangular straight duct.
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