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fhi. paper pre •• nts aD .xperiaen~al 1nTe8~1&a~1OD ot 

heat tranater an4 hTdrOdynaa1o resi.'anoe ot &a.eou. pla,e 

... a slotted channel aAd oonsisted at ~wo horizontally loc­
ated neated oopper plates witn dimensiona 1000 x 200 x 15 ... 
!he ditfu.eers flare angle ... 12° an4 hll&tn8_ ot ditfu.eers 
aAd coAfuBer. were 8 aAd 4 ma resp.c~iTely, Sy.aetrio and 
asymmetric caannels were studied witn different llei.gllts dur­
ing turbulent motion of air. The heat transfer data for 
tnese cnannels shows that intensification of heat transfer 
is gained with moderate growth of resi.tance. Some correl­
ations are obtained for calculating tne neat transter coef­
ficient and the hTdrodynam1c resistance. 

NODIiCLATURE. 
-_ ... _--------
a lell&tn of diffusers 
B Width of channel. 
C length of confusers 
d hydraulic equivalent diameter 

~ power ratio 

KQ nest transfer coefficient ratio 

K. area ratio 

t lengtn of channel 
Pr Pr .... dtl number 
Re R811101<1" number 

El-li.&lIaoura UniTer.1ty, laculty of Engineering, li.eoQ&ll1cal 
Power Department, Ii.az>S01U'6, EGITT. 
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St Stanton nuaber 
W .aan .elocity of air 
Y flare ugla of diffusers 
l; Coefficient of friction. 
\V angle of slots inclination to the flow direotion 
JI Kineaatic .iscosity 

I1RODI1C!IOJh ----------

11.11 

Plate heat exchangers are used extenai •• ly in the food. 
chemical, oil-cbemical and other induatries according to a 
nwaber of their properties (they are ooapeot. easy in use. 
ben high degree of heat transfer), But in the existing 
oonstructions intensification of heat tr&n8fer i. gained 
with considerable growth of nydrodrnamic resistance. wnicn 
limite their ~.e for heating (cooling) gaseous heat carriers 
(coolants). Meanwnile, lately t!1e use of gaseous beat car­
riers is considerably increasing. especially of air. 

In the work [11 it i •• nown that with turb~ent motion 
of air along t!1e slotted cnannel representing a successive 
alternation of flat diffusers and confusers, tbere appear 
fa.ourable nydrodynamic conditions allowing to intensify 
~eat transfer with moderate increase of resistance. One of 
t". most ef'"1cient surfaces of this kind is an asr-etrh 
channel wH" t!1e angle of nare of diff~.er. being)" • '..2 0 • 

length of diffuser parts 6 • 40 mm, lengtn ot confu~er 
parts C • 20 1IlI1I .. distano .. betwee" flat and sllaped plates 
at .alet to diff~.er. a • 47.7 mm. But this surface is less 
~Yrp~~t as compared w1tb surfaces made of lattice-flow pla­
tee{2,~where tne average distance between plates a is 
approximately 5 mn,. 
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P1g.(1): Layout of experimental wind tunnel 
1- Collector, 2,6 and 16- thermometoro,3 and 6-connectiona, 4-unheated 8tra1ght 

channel, 5- test section, 7- mixtin& Bectlng part, 9- damping cbam'.r, 
10- discharge control valYe, 11- compressor, 12- electric motor, 13- differential 

manometer, 14- atomepherlc pressure boiler, 15- superheater, 11- transformer, 

IH- collector for condehsing ~team. 
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~ pre.ant p.per i. devoted to atu~ OD ,be b .. i. of 
work (1] a oompact plate ex0banier with a,...'r10 &D4 "Ja­
metrio ohannels type "diffu •• r-oontuser- tor ... tiDe (0001-

iDe) ,he air. 

.... 
\\f'j .,.. 

-- . . . 

-(S) 

Pig,Q1) Layout ot ohannel's type ndiffuser-oontusero. 
A- Asymmetric channel with flat &D4 ahaped aurfaces. 
B- Symmetric Qnd asymmetric channels w1*h two sha­

ped Burfeoes. 

Experimental Rig and Measurements: 

The experlmentel installation presented an open wind 

tur~e: Flg.(ll. The air passed through a ..all unhe.'ed 
section of hydrodynamic stabilization 1000 ... long (4), 
then entered a working section (51 behind which waa plaoed 
a flow damper. The neetul~ medium was superhaated by 2-JoC 
steam at atmospheric pressure. 

The working section was formed by two horizontal oopper 
plates (lOOV x 2VC x 15 mn,] wito flat and ahaped .urfaoes. 
The shaped surface was made by milling on the surfaoe s 
8uccessive rOw of slots ( ~ • 12°, t. 8 ma, C • 4 mm). 
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The slots are inolined to the direotion of tha flow by an 
IUlgleY. )0, 45,60 and 90· (Pig.2.-A). Plates with sha­
ped end flat surfaoes formed a slotted cbaAnel whioh in tha 
flow direction presented a successive alternation of flat 
as~tric diffusers with expersion IUlgle and canfussrs 
with relation r5 • a • 2:1. The valuss of 6 , a, and '6 
depsnd on tha IUlgle V and shown in Table (1) 

Sec. I-I Sec. II-II 
y y; ,,- C.DUD y; ~, - a ,lID! 

)Qo 6" 04' 16 8 10· 26 9,24 4,62 
45" 8" ))' 11,)0 5,65 8 0 )J' 11.) 5,65 
600 10" 26' 9.24 4.62 60 04 16 8 
9Q" 12" - 8 4 0 -

Geometrical characteristics of the ehap.d e~facee were 
C!losen in accordance with "o~t1oae of work [11 with 
a scale 1.5. OVerall dimenslons of plates approximately 
correspond to the dimensions of tne most frequently used 
type of lattice-flow platesl2,3]. We bave studied otle.nnels 
with hight Q • 9,5 and 4,9 mID whier. were selected from the 
cOLditions of the scale change and preserving the compact­
ae88 obtained in real aeat exona~er.. ths relative width 
of channel B/a varied fro~ 21 to 41 and relative le~th (Ia 
from III to 205. 

The t~perature of air at the inlet and at the outlet 
from the working section was measured after mixing by a 
mercur,y thermometer with scale diVision of 0.10 0. The 
temperature of t.hs surface of copper plates fts considered 
to be equal to the saturation tempera~ure of the ste ... 



Kanaoure Bulletin Vol. 6, No.2, Deoember 1981. .11.15 

'fAe a1r 0_p11011 .... euured with tile Ilelp ot • speoial 
aer~o oolleotor with d~ter of 50 .. .nioh ... pla­
ced at the inl.t of 1;be w1lld t_l. 'fAa praAura dUfere­
no. in the coll.ctor and in the work1ag aaction ... aeaaur.d 
by .. n .. etar with aoale diTia1011 of 0,01 lr.&/.2. 'fAa heat 
flow wa. estimated aooord.1ag to air o~tion and. ... oon­
trolled by the aaount of coll.cted oond. .... t.. 'fAa unbala­
nc. did not exc.ed a - 11 •• 

Bxp.~ntal data analysiS and. dieouaiODI 

During the analysis of tbe e%perimantal data the ohara­
cteristic speed W wa. considered in the croes aection 01' a 
beignt a which equalled to helf-sum of tbe channel height 
at inlet to tbe diffuser sections and at outlet from tbem. 
AS a characteristic length we considered the bydraulic equi­
Talent diameter d • • a. The pbysical properties of air were 
chosen accord1ne to it. average temperature wbicb wea esti­
mated as a difference between tbe surface te.perature and 
aTe rage logarithmic temperature difference. 

A. tne .tandard chennel we consider tbe channel with 
constant cross section ( ~ • ~ and 4,& mm). Tbe pre11minary 
experiments proved tbat for standard Channel tbe beet trans­
fer coefficient 1s approx1mately 10% higher then tbat follows 
fram tbe well known relation for air 

Bu • O.vIS 2ev,Sv , (1) 

where lte-+. 
Tbe resistanoe at adi.b.tic conditione follows from Blasius 
equation c: . 11.3164 &.-0,2:' (2) 

rbe resistance is approximately JO% bigher than thet obta­
ined from relation (1) under beating case. 
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'igure (J) shows ~he he6~ ~ransfer and re.istance of 
cnannels wiih Q • 9.5 .. and ~ • )0, 45. 60. and 90· (cur­
yes 2, ), 4 and 5). In all cases ihe beai iransfer and 

resistance are higher ihan that for the flat cnannel (ourve 
1). We noiiced strat1fication of exper~ntal points along 
tne engle 'If". W1 th increaaing engle 'If" the heat transfer 
and resistance increase. But 1ntensification of beat trans­
fer can be gainad witn moderate growth otresisi&pce. 

Decreasing tha height of tne channel a from 9,5 to 4. ~ 
.. as snown in 'ig.(4) , tne resistance approximately incre­
ased by <U%. Heat transfer intensity in this case was tna 
same. 

~be experimental results of neat transfer and resistance 
for cnannels with h1gnt a • 9.5 mm can De aescribed by the 
following generalized equations, 

"t Pr21) = 0.02<:\(1 - 0,0228 cos 2"V) R-O,2 D) 

~ • 0,21(1 - v,l cos 61')H-o •2 (l-U.OU5"V) (4) 

.. nicn are correct witnin tn. range 5.1\))< lli> <4.104 and)t! 
in degrees .. 

Tnere is a poas~bility to increase tne effect of tne 
pressure gradient on tne flow by replacing the pIe. te wi ttl 

fist Burt'ace by tn€ plate witn Shaped surface whicn wa.s 
made oy milling a successive row of slots on tae flat sur­
face ( Y • 12°, 6:: d wu, C = 4 mm) t tne genera'ting line 

of wnicn wade an angle witn tne direction of the flow~~9U·. 
~he compos1 UOII of plates witn Y. 3U, 4', bO and 900 res­
pectively wit!! plate of Yo • ~O at 8 neignt a c 9,5 mm 
allowed to obtain d1rferent cnannels witn shaped surfaces 
Fig. (';I.-B). 

The results of experiments are s!!own on Fig. ) (cur­
ves 6,7,8 and 9). ~l>e haat ranster and resistance of 
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cbannels witn two shaped channels are higher than that of 
channels with one shaped surface. ~he exper1aental results 
can be expressed by the following generalized equations, 

at pr"/') = 0,039(1 - 0,148 cos 2y) IIe-O•2 (5) 

r: • 0,279 (1 - 0,2339 coe 2~ ) IIe-O•l (6) 

which are correct within the range 5.10> ~ lie <: 4 4.10 • 

Figure (5) enows equations 3 and 5 which express the 
effect of angle ~ on heat transfer for differene velocit­
ies of air for channels type"diffuser-confuaer" with one or 
two soaped surfaces. The maximum deviation of equation (31 

from tne data wnicn are given in Fig.() not more than 5%. 
In case of cnannels with two snaped surfaces the maximum 
deviation about ~%. 

rlydrodynamic resistance relations (4) and (6) are shOwn 

in ,t'ig. ~ {b) ~ In case of cHannels Wl. tn two sQaped surfaces equa­

tion(6) snows t::!. good agreement with toe experimental resl.llts 

5~ven in lig.(4,'. In nase of cnannels witn one shaped. and 

one flat 8ur~ace. tne maximum deviation of equation(5) from 
the expe:::-imental reAults is about 59>"· .. 

rne comparative evaluation of efficiency of cnannels 
type ftdiftuser-confuserJl was conducted ae rd1ng to toe 
metnodsl4.5). rne efflciency is quantitatively cnaracter­
lzed oJ coefficients 1\.". Kl~' ,K,il' wniCtl represent correspon­
ding relations of neat flows ~wltn tne same power spent for 
movillf!. tne eoolan t ana tne flame aress), powers (w1 ttl tue 

same neat flowe and tIle same areas). arese (w1tn the same 
heat flows end the same po_era) for toe studied cnannels 
and tne standard one~ 
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!l'he coaparison shows that all tha stlld1ad channels in 
investigated range of He haTe a bigger atticieno, than the 
fIst channel. 1'he most efficient channal. were fOUAd to 
be tile syaaetric ahannel wUh height 9.5 _ IUI.d 'Y{ .. 90·, 
and asyaaetr1c cbannel with two sheped surfaces with height 
9.5 _ and Y/Y." 60/90·. For theae cbA,,""la the efficienc" 
for example, at Re • 104 (comparing with flat "bennel) ls 
cheracterized by the followlng data. ~ • 1.55 ... 1.64, 
'w .. 0,22 and 0,14 and ; .. 0.55 and 0.51 for a,...trlc 
co.nnel with 1r.'. 90· IUI.d height 9.5 _ IUI.d .. ,...tric chan­
nel with 1j/ Ilb • 60/90° and s_ beight. !baae coefficients 
weakly depend on Ra1'll01d·. number. Re • The channels with 
two sbaped B~ace. areaore efficlent tnan channels with one 
snaped plste. At He • 104 the asymmetric channel with one 
sbaped plate witn Yo" 90· and hieght a .. 9,5 _ bas the 
fallowing data' ~ .. 1.3. ~ .. 0,40. ; .. u.70. Wben tne 
Cbannel hiegbt decresses tile efficiency of dlffuser-con­
fuser channels aleo decreases. 

It mlgnt be expected tnst incresse of neignt over 9.5 
mm vitnin a certsin ranee would lead to tbe increase of 
efficiency of diffuser-confuser cnannels. But determina­
tion of optimum distance between the plstes requires special 
investigation and is outside the scepe of the present study 
which is li~ited by definite values of beight wbich are cho­
sen trom the conoactness conditions. 

Tbe obtained experimental results can be used for desi­
gning pla~e hest excbangers witn tne s~sce type "diffuser­
confuser"~ me most perspective is the s~etr1c cnannel 
witl). '( • 12°, t. 8 mm. C = 4 111m, y.. !lU· IUI.d hight 9.5 _, 
ilIeo asymmetric cnannel,,¥, 1110 • 60/90° and" • 12°. {, .. 8 1IIIIl, 

C .4 lIIIIl and asymmetric cnannel withY,- 90° and '6 • 12°, 
~. 6 u, C II 4 mm. 
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To [rovide the rigidity of the construction and the 

necessary value of the height a the plates should be furn­

ished by longitudinal ribs. 
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