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HEAT TRARSFER AND EYDRODYNAMIC HRESISTANCE OF
GASEOUS PLATE HEAT BXCHAKGERS TYPE “DIFPFUSBE~-CONFUSER".

BY

Araid P.P. and Awad M.M,

This paper presents an experimental lnvestigation of
heat transfer and hydrodynamio reaistance cf gaseous plate
be&at sxchangers type diffuser-confuser. The test section
was & slotted channel and consisted of two horizontally loce
ated heated ocopper plates wiih dimensions 1000 x 200 x 15mm.
The diffuserg flare angle was 12° and lengthm. of diffusers
and confusers were 8 and 4 mm respectively, Symmetirio and
agymmetric channels were studied with different beights dure-
ing turbulent motion of air. The heat transafer data for
these channels shows that intensification of heat trensfer
is geined with moderate growth of registance. Some correle
ationa are obtained for calculating the neat transfer coef-
ficient and the hydrodynemic resistance.

NOMENCLATURE

a length of diffusers

B Width of channels

C lengtn of confusers

d hydraulic equivelent diameter
KN power ratio

KQ heat trangfer coefficient ratio
K“ area ratio

t length of channel

Pr  Prandil number

Re Reynolde number
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Stanton mumber

mean velocity of air

flare angle of diffusers

Coefficient of frictionm.

angle of elote inclination to the flow dAirectiom
Kinematic viecosity

TEN =2

IRTRODUCTION:

Plate heat exchangers are used exteneively in the food,
chemical, oil-chemical and other industriea according to a
number of their properties (they are compact, sasy in use,
have high degree of heat transfer). But in the exiasting
constructions intensification of heat transfer ig gained
witn considerable growih of hydrodynamic resistance, wnicnh
limits their use for heating (cooling) gaseous heat carriers
(coolants). Meanwnile, lately tne ug? of gaseous heat car-
riers ie considerably incressing, especially of air.

In the work [1] it is snown that with turbulent motion
of air along tne slotted cnannel repreaenting a succeasive
alternation of flat diffusers and confusers, there appesar
favoureble hydrodynamic conditiong allowing to intemnsify
neat transfer with moderate incresse of resistance, One of
tue most efricient surfaces of thie kind ie¢ an asymmeiric
channel witu tne angle of flare of diffusers beingy = .29,
length of diffuser parts é = 40 mn, lengtin of confuser
parts C = 20 mm,., distsnce between flat snd shaped plates
at .plet to diffugers @ = 47.7 mm. But this surface is less
(oirpant aa compared with sgurfeces mede of lattice~flow pla=
tee[2,3) where the average diatance between plates O is
approximately 5 mm.
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Pig.(l): Layout of experimental wind tunnel
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Collector, 2,8 and 16- thermomeiers,3 and 6-connections, 4-unheated straight
channel, 5~ test section, 7- mixting secting part, 9- damping chambder,
discharge control velve, 1l- compressor, 1l2- electric motor, 13- differential
manome ter, l4- atomspheric pressure boller, 15~ superheater, 17— transformer,
collector for condersing cteam.
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The present paper 1s devoted to study on ths dbasls of
work [1] a8 compact plete exchanger with aymmetric and asyn-
metric channels type "diffuser-confuser®* for heating (cool-
ing) the air.
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Fig, (M) Leyout of channel's type "diffuser-confuser®.
A= Asymmetric channel with flat and ahaped surfaces.
B= Symmetric and asymmetric channels with two sha-
ped surfaces.

Experimental Rig and Measurements:

The experimental installation prepented an open wind
turnel Flg.(l). The sir psssed through & small unheated
section of hydrodynemic ptabilization 1000 mm. long (4),
then entered & working section (%) behind which was placed
a flow damper. The nestiny medium was superheated by 2-3°C
steam &t atmospheric npresaure,

The working section was formed by two horizontel copper
Plates (1000 x 20C x 15 mm) with flst and shaped surfaces.
Tne enaped surface was made by milling on the surface o
succeasive row of slots ( ¥ = 12°, £ =8 me, C = 4 mn),
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The slots are inolined to the direotion of the flow by an
angle’vfu 30, 45, 60 and 90° (PMig. 2~-A). Plates with eha-
ped and flat suxfaces formed a slotted channel whioh in the
flow direction presented a Buccessive alternation of flat
asymme tric diffusers with expersion angle and confusers
with relation © : C e 2:1, The values of & , C, and ¥
depand on the angle w~ and shown in Table (1)

Sec., I=I Sec, [l-IIl
Eb/ Y zﬁmm. C ,om ¥ ‘; Em | C,xm
30 6° 04° | 16 8 100 267 9,24| 4,62
45¢ 8¢ 33 11,30 [5,65 g¢ 337 11,3 5,65
60° | 10° 26 | 9,24 [4,62 6° o4 16 8
90¢ | 120 - 8 4 o} -

Geometrical characteristice of the shaped sunfaces were
cnosen in accordance witn recommemdatioms of work {1] with
8 geaie 1:5. Overell dimensions o7 plates approximately
correspond to the dlmeneions of the most frequently used
type of lettice-flow plstes|2,3]. We have studied cnannela
witn hight & = 9,5 and 4,9 mw whicr were selected from the
corditions of the scsle change and preserving the compact-
mege obteined in reel neat excnangers. The relative width

of channel B/q varied from 21 to 41 and relative length £/
from 111 to 205,

The temperature of air at the inlet and at the outlet
from tha working section was measursd after mixing by a
mercury thermometer witn secale diviasion of C,1%C. The
temperature of the surface of copper plates was considered
to be egual to the saturation temperature of the stsam.
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The sir oconsumption was measured with ths bhalp 0of a special
asrodynamio ocollsctor with diameter of 50 mm whioh was pla-
ced at the inlet of the wind tunnel. The preasure differe-~
nce in the collector and in the working seotion was measured
by manometer with scale division of 0,01 kg/lz. The heat
flow was estimated acoording to air consumption and was oone
trolled by the amount of collected condemsate. The undbale-
nce did not exceed 8 - 11%.

Expesrimsntal data analysis and diecusiomn:

Inring the analysis of the experimental data the chara-
cteristic ppeed W was considered in the crose section of a
height a which equalled to half-gum of the channel height
at inlet to the diffuser gections and at outlet from them.
Ap 8 characteristic length we considered the bydraulic equl~-
valent diameter d = 2d. The physical properties of alir were
chosen according to ite average temperature which was esti-
mated as a difference between the surface temperature and
average logarithmic temperature difference.

As tne standard channel we congider the channel with
conptant crosa section ( @ = 9 and 4,6 mm), The preliminary
experimente proved that for standard channel the bheat trans-
fer coefficient ie approximately 10% nigher than that follows
from the well known relation for air

Bu = 0,018 BeVBC | (1)

where Re--ﬂ-.
y
The resistance st adiabatic conditions follows from Blasiue
equation
- U, 3164 Re~Y122 (2)
The resietance 1s approximately 30% higher than that obta-
ined from relstion (1) under heating case.
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Pigure (3) shows the neat transfer and resistance of
cnannels with Q « 9,5 mm and ¥ = 30, 45, 60, and 90° (cur-
vés 2, 3, 4 and 5). In all cases the heat tranafer and
resistance are higher than thst for the flat channel (ourve
1). Wwe noticed stratificetion of experimental poilnts along
toe angle Y . With increasing angle Y the heat transfer
and resistance increase. But intensification of heat trans-
fer can be gained wiin moderate growth ofresistance.

Decreaping the heilght of tue channel @ from 9,5 to 4,9
mm as shown in Pig.(4), tne resistance approximately incre-
esed by 2U%. Heat tramefer intensity in this cese was the
came ,

The experimental results of neat trangfer snd resistance
for chaunels with hignt @ = 9,5 mm can ve described by the
following generalized equationa:

st préld o 0,028(1 = U,0228 cos 2V¥ ) R0 (3)

C: = 0,2T(1 - U,1 cos 57;)R-0.2(l-u.005yr) (4)

wnicn are correct witnin the range 5.105<: Re <:4.10‘ and)ﬂ
in degzrees.

Inere is & poseibility to increazse the efrfect of tne
pressure gradient on the [low by replacing the plate witn
flat surtace by tne plate witn shaped surface whicrn weas
made by milling & succegsive row of slots on tne flat sur-
face ( ¥ =« 129, é = g mu, C = 4 mn), tae generating line
of which made an angle witn the direction of tne flow Ylayue,
The composition of plates witnWs 3V, 45, 60 and Y0° res-
pectively with plate of"‘w‘; = 90 at a neignt @ = 9,5 mm
allowed to obtain different cnamnnels witn shaped surfaces
Fig.(1=B).

The results of experiments are gpnown om Fig. } {cur-
vesg 6,7 ,8and 9) . The heat ransfer and resistance of
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c¢channels with two shaped channels are higher than that of
chennela with one sbaped surface, The experimental results
can be expressed by the following generaliged equations:

st Pr/3 = 0,039(1 - 0,148 cos 279 ) Re 0°2 (5)

[: = 0,279 (1 - 0,2339 cos 2y ) Be~2*l  (¢)
which are correct within the raunge 5.10311; Re «7 4,104,

Pigure (5) showe equations 3 and 5 which exprees the
effect of angle Y on heat transfer for different velocit-
les of air for channels typem"diffuser-confuger™ with ome or
two gnaped surfaces. The maximum devietion of equation (3)
from tne data wnicn are gziven in Fig.(3) not more than 5%.
In case of cnannels with two pnaped surfaces the maximum
deviation about uo%.

Hydrodynamic resistance relations {(4) amd (b) are snown
in rig.(v)., 1In cese of cnannels wiin two snaped surfaces equa-
tion(6) snows u good agreement with tne experimentmal resultis
eiven in Fig.(4.,. In case of cnanneles with one shaped and
one flet surraces tne meximum deviation of esquation(’) from
the experimental results is about 5% .

Ine comperative evaluation of efficiency of e¢nannels
type "diffuser-confuser® wes conducted a¢ rding to tne
metnods[A‘B]. [ne efficiency is guantitatively character-
ized by coefficients AQ. Kh’ L9
ding relstione of neat flows \witn tne same power spent for

wnicn represent correspon=-

moving tne coolant ana tne same aress), powers {(wita tue
same neat flowe and tone same ereas); aress (witnh the game
neat flows end tne pame powers' for tne gtudied cnannelps
end tne gtandard one.
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The compariaon shows that all the studied channela in
investigated renge of Re have a bigger efficlency than the
flat channel, The most efflicient channels were found to
be the symmetric channel with height 9.5 mm and M{ a 90,
and aaymmetric channel with two ehaped surfacea with height
9.5 mm end W'/ = 60/90°, For these channels the efficiency,
for exemple, at Re = 10% (comparing with flat channel) ie
characterized by the following data: KQ « 1,55 and 1.64,
xﬂ = 0,22 and 0;14 and K* = 0.55 and 0.51 for symmeiric
channel with ¥ = 90° and height 9.5 mm and asymmetric chan-
nel with Y/ /[ = 60/90° and same height. These coefficients
weakly depend on Reynold's number ,Re. The channels with
two shaped surfaces aremore efficient than channels with one
sneped plate. At He = 104 the asymmetric channel with one
sheped plate with Y/ = 90° and hieght g = 9,5 smm bas the
fallowing data: KQ = 1.3, K:m = 0,40, Kw = 0,70. When tne
channel nieght decreases the efficlency of diffuser-con-
fuser channelg alpo decreases.

It mignt be expected tnat increaee of height over 9.5
mm witaln a certain rauge would lead to the increase of
efficiency of diffuser-confuser cnannela. But determina-
tion of optimum distance between the plates requires special
investigatior and is outside the scope of the present study
which is limited by definite values of height which are cho-
gen from the compactness conditions.

The obtained experimentael results can be uzsed for depi-~
gning plate heat excnangers with tne surface type "diffuser-
confuser™. The most perspective is the symmetric channel
witn ¥ = 129, g-em. C =4 mm, W = 90° and hight 9.5 mm,
also asymmetric cnannel:#f/ys = 60/90° and ¥ = 12°,% = & mm,
C = 4 mu and asymmetric cuennel withy = 90° and ¥ = 12°,
o5 um, C =4 am,
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To trovide the rigidity of the comstruction and ths
necessary value of the height {1 the plates should be furn-
ished by longitudinal ribs,
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