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Abstract-An experimental study is conducted to investigate heat transfer and pressure drop in a rectangular 
duct with repeated-baffle blockages. The batlIes are arranged in a staggered fashion with fixed axial spacing. 
The transfer coefficients are evaluated in the periodic fully developed and entrance regions of the duct. The 
presence of the bathes enhances these coefficients. The entrance length of the duct is substantially reduced 
by the baffles. Finally, pressure drop and heat transfer data are employed to evaluate the thermal per- 

formance of the duct. 

lNTRODUCTlON 

FORCED CONVECTION heat transfer in straight smooth 

ducts has been the subject of study in many exper- 
imental and theoretical investigations, and a large 
amount of useful information is available in the litera- 
ture. However, the special cases such as the effect of 
surface roughness [1, 21, wall corrugations [3], baffle 
blockages [4], and other geometric factors on heat 
transfer characteristics of turbulent duct flows have 
received relatively less attention. The present inves- 
tigation is concerned with one of these special cases, 
namely, the effect of repeated-baffle blockages on con- 
vective heat transfer in rectangular ducts. 

There are many practical situations where baWes 
are employed to enhance heat transfer. One familiar 
example is the shell-and-tube heat exchanger. The 
thermal resistance is usually larger on the shell side, 
and the baffles are deployed along the tube bundle in 
order to guide and direct the fluid to move perpen- 
dicular to the tubes and thus to increase the shell-side 
heat transfer coefficient. Also, the baffles (fins) might 
be attached to the walls of the flow passages to provide 
additional surface area for heat transfer and to pro- 
mote turbulence. Another example is in cooling the 
modem multipass turbine blades. It should be noted 
that heat transfer enhancement in turbine blades is 
usually accomplished by installing turbulence pro- 
moters such as artificial roughness [5]. As an alter- 
native, one may employ baffle blockages to promote 
turbulence and to cause improved mixing by installing 
the baffles in a staggered manner in the internal flow 
passages of the turbine blades. 

In the present investigation, the conventional direct 
method of resistance (Ohmic) heating was replaced 
by a more accurate mass transfer method known as 
the naphthalene sublimation technique. This tech- 
nique not only eliminated the extraneous thermal 
losses which usually exist in heat transfer experiments, 
but it also enabled us to have a better control over the 
boundary conditions and to establish a well-defined 

boundary condition at the walls of the duct. The mass 
transfer results obtained by this technique can sub- 
sequently be converted to the heat transfer results via 
the well-known analogy between the heat and mass 
transfer processes. The theoretical basis for the anal- 
ogy is discussed by Eckert [6]. In this regard the terms 
heat and mass transfer are used interchangeably 
throughout this paper. 

The test duct had a rectangular cross-section and 
the baffle blockages were installed on the upper and 
lower walls of the duct in a staggered manner. In this 
orientation, each baffle from one wall was situated in 
the cross-sectional plane which passes through the 
midpoint of the baffles on the opposite wall. The stag- 
gered arrangement thus obtained provided a zigzag 
path for the core flow and created the recirculating 
zones near the walls of the duct and between the 
neighbouring baffles. 

W&h regard to the boundary conditions, it should 
be mentioned that the upper and lower walls of the 
duct were covered with solid naphthalene and were 
kept at uniform temperature. Therefore, the mass 
transfer model considered here is analogous to a heat 
transfer problem in which the walls are ideally iso- 
thermal. However, the surface of the bafhes was not 
covered with naphthalene, and the two components 
that contribute to the heat transfer enhancement 
simultaneously, i.e. additional surface area and 
improved mixing (due to altered flow field), were 
intentionally separated and only the latter component 
was considered in this study. Transfer characteristics 
of the wall-attached baffles can be found in ref. [7]. 

The present investigation was carried out exper- 
imentally using air as the working fluid. The study 
was focused on two regions of the duct, namely, the 
entrance region, where the velocity and temperature 
(mass concentration) profiles were simultaneously 
developing, and the periodic fully developed region 
far away from the inlet of the duct. The important 
parameters of the problem were Reynolds number Re 
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NOMENCLATURE 

A cross-sectional area of the duct, WH SC Schmidt number 

Ai mass transfer area per module, WL Sh Sherwood number 

4 area of the orifice Shrd periodic fully developed Sherwood 

2 
coefficient of discharge of the orifice number 

0” 
arithmetic mean of C,, S&,s periodic fully developed Sherwood 
diffusion coefficient number for the smooth duct (at the 

P 

hydraulic diameter of the duct same pumping power) 
friction factor Sh, Sherwood number for module i 

N vertical spacing between the walls of the T tem~rature 
duct URC relative uncertainty of Re 

h height of the baffle blockage (Fig. 2) %h relative uncertainty of Sh 
K loss coefficient 9 relative uncertainty off 

K mass transfer coefhcient for module i V mean fluid vefocity 
L width of each module along the duct W duct width (Fig. 2) 

M, per-module rate of mass sublimation x axial coordinate. 
P air pressure; perimeter of the duct, 

2(H+ W) Creek symbols 
P 
Aclnpw 

naphthalene vapour pressure at the wall p ratio of orihce diameter to pipe 
pressure difference across the orifice diameter 
plate V kinematic viscosity 

Q volumet~c flow rate of water (equation P density 
(1)) f%b.i naphthalene vapour density in bulk at 

Qi volumetric air flow rate at the axial module i 
location of module i 

CL,, 
naphthalene vapour density at wall 

R gas constant for naphthalene vapour wall-to-bulk difference in naphthalene 
Re Reynolds number (equation (11)) vapour density for module i 
Re* modified Reynolds number standard deviation 
Re, Reynolds number of the smooth duct ; correction function for Re. 

and the height of the baffle blockage h. The Reynolds control valve, and the centrifugal fan. The fan oper- 
number (based on the mean fluid velocity and the ated in the suction mode to draw the laboratory air 
hydraulic diameter of the duct) ranged from 3000 to into the test section of the apparatus, where mass 
50000, with the latter parameter (normalized by the transfer between air and the naphthalene-coated walls 
height of the duct H = 1.5 cm) equal to h/H = 0, of the duct occurred, and to discharge the naph- 
0.125,0.25, and 0.50. thaiene-laden exhaust air to the outdoors. This flow 

circuit ensured that the laboratory remained free from 

EXPERlMENfAL APPARATUS AND 
PROCEDURE 

naphthalene vapor and that the heat generated by the 
fan would not alter the constancy of the inlet air 
temperature during an experimental run. 

The schematic view of the experimental apparatus The test section had a &War design, and a typical 
is shown in Fig. I. The main components of the appar- assembly of modules which forms a portion of the 
atus are the test section, the orifice plate, the flow wall of the test section is shown in Fig. 2. In this figure, 

Air out 

Orifice pbte Transition 

CetWifugai fan 

Test secticm 
Pressure taps 

FIG. I. The experimental apparatus. 
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_ Baffle 

/‘. Air flow 

FIG. 2. Perspective view of the assembled modules. 

only four modules are shown for simplicity. As seen, 
each module consists of a metallic base (made of alu- 
minium) and a layer of solid naphthalene coating 
(3 mm thick). The metallic base was fabricated by 
machining while the naphthalene coating was 
accomplished through a casting process. The dimen- 
sions of each cast module were W = 6.0 cm (the width 
of the duct) and L = 1.5 cm. 

The baffles were fabricated from 0.75 mm gal- 
vanized sheet metal. Each baffle was placed between 
a pair of adjacent modules and formed the internal 
blockages of the test section duct. As mentioned earl- 
ier, three different baffle sizes were employed, namely, 
h/H = 0.125, 0.25, and 0.50. These corresponded 
respectively to 12.5, 25, and 50% blockage of the 
cross-sectional area. 

As many as 40 naphthalene-coated modules were 
assembled to form the upper and lower walls of the 
test section. To eliminate the extraneous hydro- 
dynamic disturbances that could be present due to a 
sudden change of geometry at the downstream end of 
the duct, 30 additional modules were added to the 
duct, but these were entirely made of aluminium and 
did not participate in the mass transfer process. More- 
over, the recessed ends of the modules seen in Fig. 2 
and the protruded ends of the baffles were covered by 
a rectangular metallic bar (not shown in the figure) 
which formed the side walls of the duct. The entire 
assembly of modules and baffles was then placed in a 
support housing with rubber gaskets used to seal the 
joints against leaks. 

Before performing the mass transfer experiments, 
the orifice plate was calibrated. To facilitate the cali- 
bration, a separate flow circuit was arranged so that 
water could flow through the orifice. By measuring 
the pressure drop AP across the orifice and deter- 
mining the volumetric flow rate of water Q by weigh- 
ing the water that has passed through the orifice 
during a certain time interval, the coefficient of dis- 
charge of the orifice C,, was calculated from 

where A, is the area of the orifice (the diameter of the 
orifice is equal to 2.8 cm), p the water density, and B 
(the ratio of the orifice diameter to the pipe diameter) 
is equal to 0.7. 

The calibration experiment was repeated 72 times 
for different Reynolds numbers and the cor- 
responding coefficients are shown in Fig. 3. As seen, 
a certain degree of scatter is observed among the data 
points. Since we were going to use these results to 
determine the air flow rate in the mass transfer exper- 
iments, it was essential to evaluate the data from the 
point of view of uncertainty analysis. 

To determine the uncertainty interval for Co, it 
should be noted that the pressure drop across the 
orifice was measured by a manometer to within Ifr 1 
mm H20, the water was weighed to within kO.050 
kg, the corresponding flow time was recorded to 
within +0.5 s, and the orifice plate was fabricated 
from brass by machining to within kO.0254 mm. 
Then, using the method described by Kline [8], and 
Abemethy et al. [9] (and also summarized by Fox 
and McDonald [lo], Appendix E, pp. 716723), the 
relative uncertainty in Cn was found to be +3.4% 
(odds of 20 to 1). Also, the standard deviation of the 
coefficients reported in Fig. 3 was determined to be 
a,, = 0.01129, giving 2a, = 0.0226 or an uncertainty 
of f3.78%. With this information, the following 
value was adopted as the orifice coefficient : 

c, = C,+2a, = 0.5976 + 0.0226. (2) 

Next, the mass transfer experiments were initiated. 
During each data run, the air temperature was re- 
corded several times by a mercury thermometer with 
a resolution of 0.25”C. The naphthalene vapour pres- 
sure and other properties were then evaluated at the 
arithmetic mean of the recorded temperatures. To 
determine the rate of mass sublimation at each axial 
station along the duct, the modules were individually 
weighed on a Sartorius balance before and after each 
data run, and the mass changes were determined to 
within 0.1 mg. Mass changes were typically around 
15 mg. 

The mass transfer experiments were complemented 
by measurements of the pressure drop. The pressure 
measurement experiments were performed on the 
same test section while the metallic modules were 
coated with a 3 mm layer of solid paraffin (instead of 
naphthalene), to prevent the height of the duct from 
changing due to sublimation. A total of 21 pressure 
taps were mounted on the side wall of the test section. 
The pressure signals were conveyed through plastic 
tubing to a water manometer, and the pressures re- 
corded. 

DATA REDUCTION 

The mass transfer coefficient for a typical module i 
was evaluated from its conventional defining equation 

Ki = Mi/A,Ap,,i (3) 

where Mi is the rate of mass sublimation from the 
module, determined from the amount of mass sub- 
limated from module i during the run time, Ai the 
mass transfer surface area (Ai = WL = 6.0 x 1.5 cm2), 
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FIG. 3. Coefficient of discharge of the orifice plate. 

and AP,,~ the wall-to-bulk difference in naphthalene 
vapour density at the axial midpoint of the module 

BP,,; = Pnw --f&b,,. (4) 

The evaluation of Ap, requires knowledge of the 
axial variation of the bulk vapour density of naph- 
thalene in the air stream pnb and the naphthalene 
vapour density at the wall pnw. To determine pnwr the 
naphthalene vapour pressure at the wall was evaluated 
from Sogin’s vapour pressure-temperature cor- 
relation [ 1 l] 

3729.4 
log,,, P,, = 13.564- T (5) 

and then substituted into the ideal gas equation 

P 
Pnw = - 

RY 

In equation (S), the temperature T is in kelvin and 
the vapour pressure P,, is in Pascal. It should be noted 
that the test section was isothermal and that pnw was 
the same for all modules. 

To find pnb at the axial midpoint of a module, the 
following expressions were developed from a mass 
balance performed on a control volume that en- 
compassed the portion of the duct from the inlet up 
to the axial midpoint of the ith module (i > 3) 

( 

i- I 

Pnb.i = l.SM, +2 1 M,+l.W, 
>i 

Qi. (7) 
j=2 

The first and second modules were treated as special 
cases and, in a similar manner, the following ex- 
pressions were obtained for them : 

Pnb.1 = MI/Q, (8) 

Pnb.2 = l.S@f, +M,)/Qz. (9) 

It should be noted that the coefficient of 1.5 for MI 
appeared when the rates of mass sublimation of the 
first two modules on the lower wall were approxi- 
mated by those of the opposite modules on the upper 
wall of the duct. 

In equations (7)-(9), it4, and Qi represent, respec- 

tively, the rate of mass sublimation and the volumetric 
air flow rate corresponding to module i. It should be 
mentioned that the pressure drop along the duct was 
relatively large, and the volumetric air flow rate Qi 
was evaluated at the local pressure. 

Also, it is noteworthy that the sublimation of naph- 
thalene increases the height of the duct cross-section 
from H = 1.5 cm to a larger value, thus increasing the 
hydraulic diameter of the duct D,, during the exper- 
iment. In order to minimize these changes, the duration 
of each data run was adjusted in such a way that the 
naphthalene sublimation did not lower the surface of 
solid naphthalene by more than 0.0254 mm. Knowing 
that the original value of the hydraulic diameter D,, 

(D,, = 4AIP, A = WH, P = 2( W+ H)) of the duct 
was 2.4 cm, this amount of sublimation increased Dh 

by a negligible 0.27%. Nevertheless, even these small 
changes were taken into account. 

Finally, the mass transfer coefficients evaluated 
from equation (3) were normalized through the defi- 
nition of Sherwood number and presented for the ith 
module as 

Sh, = KiD,/D (10) 

where D is the diffusion coefficient. This coefficient 
was determined from the definition of Schmidt 
number SC = v/D. For naphthalene diffusion in air, 
SC = 2.5 [1 I]. Due to small concentrations of naph- 
thalene vapour (typically about 2.18 x 1 O- ’ kg m _ ’ 
at the end of the test section), the kinematic viscosity 
v was taken as that for pure air. 

The mass (heat) transfer results will be presented in 
terms of the duct Reynolds number Re, defined as 

Re = VD,lv (11) 

where V is the mean fluid velocity across the flow area 
A = WH. 

In the next section, we shall present the mass (heat) 
transfer results ; but before that, a few words are 
worthy of mention regarding the uncertainty of the 
results. 

The barometric pressure which was needed for 
evaluation of the absolute pressures was recorded to 
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within f 0.01 cm Hg. The uncertainty in the readings 
of the manometer, thermometer, dimensions of the 
duct, duration time of the runs, and mass of the 
modules were, respectively, equal to f 1 mm H,O, 
+0.25”C, kO.0254 mm, If: 1 s, and +O.l mg. From 
the analysis of the propagation of these values into 
the final results, we obtained the following relative 
uncertainties : 

U Re = +3.5% (oddsof20tol) 

ush = f 3.37% (odds of20 to 1) 

u, = f7.8% (oddsof20to 1). 

In these expressions, the quantities uRe, us,,, and u, 
denote the relative uncertainty of the Reynolds 
number, the Sherwood number, and the friction factor 
(to be defined later), respectively. 

PRESENTATION OF THE MASS (HEAT) 

TRANSFER RESULTS 

As a first step, the transfer characteristics of the 
smooth duct (with no internal baffle blockage) was 
investigated. The fully developed results are shown in 
Fig. 4 (open circles). Also shown in this figure are 
the well-known Petukhov-Popov correlation [ 121 and 
Gnielinski’s modified version [13]. Knowing that 
these correlations were obtained theoretically and 
compared with many experimental heat transfer 
results, the close agreement seen in this figure supports 
the present experimental approach. 

Next, attention is turned to the periodic fully 
developed Sherwood number Shr,, for the duct with 
repeated-baffle blockages. It is seen that as soon as 
the smallest blockage is introduced into the duct (i.e. 
12.5% corresponding to h/H = 0.125), the Sherwood 
number is increased. The reason is that in turbulent 
flow, a large portion of the thermal (mass transfer) 
resistance lies in the laminar sublayer (wall layer), and 
the introduction of any solid protuberance at the wall 
would disturb and break this layer, resulting in higher 
transfer coefficients. As the extent of blockage is 
increased, not only the laminar sublayer may be com- 
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FIG. 4. Fully developed Sherwood numbers. 

pletely removed, but also a recirculating zone appears 
behind the baffles which has an additional enhancing 
effect on the transfer coefficients. The presence of these 
recirculating zones has been shown by Bemer et al. 
[4] and Kelkar and Patankar [14]. They have also 
shown that at higher Reynolds number, the size of the 
recirculating zones is affected and that vortices are 
shed from the tip of the baffles. All these activities 
tend to increase the turbulence in the air stream and 
thus increase the heat (mass) transfer coefficients. 

The solid lines passing through the data points of 
Fig. 4 are the least-squares fits. The equations of these 
lines are 

Sh fd = 5.89Re0.39* (h/H = 0.125) (12) 

= 1.11Re0.605 (h/H= 0.25) (13) 

= 6.94Re’.520 (h/H = 0.50). (14) 

Equations (12)-(14) indicate that as the height of 
the baffle is increased, Sh, has a stronger dependence 
on Reynolds number. By adopting a recirculating 
zone and vortex shedding point of view for the flow 
field, we postulate that the increased dependence of 
Shrd on Re is due to smaller but stronger recirculating 
zones and more frequent vortex shedding as the h/H 
values are increased. 

Attention is now turned to Fig. 5 where Sherwood 
numbers are plotted in the entrance region of the 
smooth duct. In this figure, the ordinate is the nor- 
malized Sherwood number Sh/Shrd and the abscissa is 
the axial distance from the inlet of the duct (with 
X = 0 corresponding to the inlet) nondimensionalized 
by the hydraulic diameter D,,. In addition, the 
Reynolds number appears as a parameter. 

An overall examination of the figure reveals a fam- 
iliar trend, namely, large transfer coefficients near the 
inlet followed by a rapid decrease in coefficients and, 
finally, approaching the fully developed values. The 
relatively large initial values of Sh/S&, are due to large 
mass concentrations near the inlet, while the growth 
of the boundary layer and the resulting decrease in 
gradients are responsible for the subsequent lower 
values of #r/S/r,. 

It is well known that heat (mass) transfer co- 
efficients at the entrance region are strongly dependent 
on the duct inlet geometry [15]. In this connection, it 
should be mentioned that the test section employed 
in the present investigation has a 90” sharp-edged 
(abrupt contraction) inlet. As fluid enters the duct, it 
cannot follow the sharp profile of the inlet, and flow 
separation occurs. This phenomenon has a pro- 
nounced effect on heat (mass) transfer. The solid line 
in Fig. 5 has been plotted for heat transfer in iso- 
thermal tubes with a sharp-edged inlet using air at 
Re = 50000 [15]. The effect of flow separation, re- 
circulation, and reattachment appears in the form of 
the dome-shaped portion of this curve near the inlet. 

The same phenomenon also exists near the entrance 
of a sharp-edged inlet of the rectangular duct. 
However, the point of reattachment, as shown by 
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FIG. 5. Sherwood numbers in the entrance region of the smooth duct (h/H = 0) 

Sparrow and Tao [2] is very close to the inlet (about 
X/D, = 0.42) and, in the present study, occurs on the 
first module of the test section (the axial length of the 
module is L/D,, = 0.625). In fact, the data reported in 
Fig. 5 are the average values of Sh/S& over the axial 
distance of 0.6250,,. 

It is seen that except for the first few data points, the 
Reynolds number has a negligible effect on Sh/S&. 
Indeed, the values of Sh and Shrd both depend strongly 
on Reynolds number, but the ratio of these quantities 
has a different behaviour. 

The first set of data points of the present investi- 
gation has been compared with that of Sparrow and 
Tao [2] in Fig. 5. The black diamond, triangle, square, 
and circle correspond, respectively, to Re = 10920, 
21670, 32 600, and 45 470. Examination of both sets 
of data reveal that the effect of Re on S/r/S& is not 
in a particular direction. This irregularity of behaviour 
may be attributed to the inherently unstable (and 
perhaps unpredictable) character of the flow sep- 
aration zone. However, considering the many differ- 
ences between the two studies such as different aspect 
ratios and Reynolds numbers, the agreement between 
the two sets of data is well within the experimental 
uncertainty. 

The effect of the baffle blockages on the transfer 
characteristics of the entrance region of the duct for 
h/H = 0.125, 0.25, and 0.50, is shown in Fig. 6. The 
ordinate Sh/Shfd is the Sherwood number that has 
been normalized by the periodic fully developed Sher- 
wood number at the same h/H. 

The general behaviour of these curves is similar and 
reminiscent of that of the entrance region of a smooth 
duct. Beginning with a slightly larger value, Sh/Shfd 

decreases and approaches the fully developed value. 
The first set of data points in Fig. 8 is an exception to 
this rule. In fact, it should be noted that the same 
mechanism that is responsible for large heat (mass) 
transfer coefficients near the inlet of the duct (Fig. 5), 
i.e. flow separation and recirculation, is now present 
everywhere throughout the duct. Therefore, the 
magnitude of Sh, seen in the ordinate Sh/Shfd is com- 

parable to the values of Sh in the separated flow region 
near the inlet. At h/H = 0.5, it appears that the 
recirculating zones created by the baffles are stronger 
than those at the inlet, and as a result the first set of 
points has a lower S’h/Sh,. 

A quantity of practical importance in design of 
compact heat exchange devices is the entrance length 
L, of the duct. By adopting the 5%-of-Sh, criterion 
for the entrance length (i.e. Sh/Sh, = 1.05), the values 
of L, were determined for h/H = 0, 0.125, 0.25, and 
0.50, and the results are shown in Table 1. As the 
extent of blockage is increased, the resulting higher 
turbulence and improved mixing decrease the 
entrance length. 

FRICTION FACTOR 

The pressure measurement data were employed to 
evaluate the friction factor in the periodic fully 
developed region from 
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FIG. 6. Response of Sh/Shfd to the baffle blockage in the 
entrance region of the duct. 
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Table 1. Variation of thermal (mass concentration) entrance 
length with h/H 

NH Le/& 

0 7.93 
0.125 2.86 
0.25 2.09 
0.50 1.39 

f= (-dP/dX)D,/&V* (15) 

and are plotted in Fig. 7. The friction factors for the 
smooth duct are compared with the Blasius equation 
in the lower part of the figure. In order to have a 
meaningful comparison, the Blasius equation has 
been modified for the present problem according to 
the recommendation of Jones [16], and the dashed 
line in Fig. 7 is expressed by 

f = 0.3164Re*-0.25 

where the modified Reynolds number 

(16) 

Re* = 0* $ 
0 

Re (17) 

and the function @*(H/W) = 0.867 for the rec- 
tangular duct of this investigation. The maximum 
difference between the data points and the values of 
f predicted by the modified Blasius equation is 4.7%, 
and is well within the estimated relative uncertainty 
‘1/-= +7.8%. 

The effect of h/H on f is shown in the upper part 
of the figure. As the extent of the blockage increases, 
the friction factor increases too. Using the least- 
squares method, the experimental data are correlated 
by the power law f = a Re-b, where (a, b) = (2.02, 
0.169, (106.46, O&lo), and (4.46 x 104, 0.84), respec- 
tively, for h/H = 0.125, 0.25, and 0.50. 

I I III I I III I 1 
h/H 

0 0.0 
0 0.125 
A 0.25 
0 a5 

‘Qq 

0.02 ‘QQQ__ 
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2 5 10 20 50 100 
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FIG. 7. Friction factor in the fully developed region. 

Examination of these correlations indicates that as 
h/H is increased, the dependence off on Re at first 
decreases, but at higher values of h/H a stronger 
dependence on Re is observed. It appears that the 
pressure losses are governed by two components of 
drag, namely, viscous and form drag, and the relative 
importance of each component determines the trend 
of the f distribution. At h/H = 0.125, seemingly the 
latter component is more important than the former. 
But as h/H is increased to 0.25 and then to 0.50, we 
suggest that because of the enhanced strength of the 
recirculating zones, the velocity gradients increase and 
the viscous drag becomes more important. 

The pressure drop in pipe fittings is often given in 
terms of a loss coefficient K defined as K = AP/ 
:pV’. The values of K for h/H = 0.125, 0.25, and 
0.50 are given in the figure. 

EVALUATION OF PERFORMANCE 

To examine the thermal hydraulic performance of 
the duct and to determine the optimum value of h/H, 
we have combined the friction factor and heat (mass) 
transfer results in Fig. 8. Here the ordinate Shfd/Shfd,+ 
is the ratio of Sherwood number for the duct with 
baffle blockage to the Sherwood number of a smooth 
duct with the same pumping power requirement. The 
abscissa is the Reynolds number of the smooth duct 
Re,. It can be shown that under equal pumping power, 
the data of the two ducts are related through 

(f Re3)titiaockagc = (f Re3Looth 
Clearly, the optimum h/H depends on the Reynolds 

number. In the range of Reynolds numbers considered 
in this work, as Re, increases, the performance 
corresponding to h/H = 0.5 improves, while that cor- 
responding to other values of h/H degenerates. It 
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FIG. 8. Performance evaluation at equal pumping power. 
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appears that at lower Reynolds numbers, the smaller 
values of h/H yield a better performance. In this case, 
the mass (heat) transfer coefficient increases by as 
much as 90% of that of the smooth duct with the 
same pumping power. 

2. 

3. 

CONCLUDING REMARKS 

4. 

5. 
The present experimental work has reveaied the 

mass (heat) transfer and pressure drop characteristics 
of rectangular ducts with staggered baffle blockages. 
The experiments were carried out by a mass transfer 
technique and for a boundary condition which is equi- 
valent to uniform wall temperature in the analogous 
heat transfer problem. 

6. 

I. 

The transfer characte~stjcs of the duct were exam- 
ined in the periodic fully developed and the entrance 
region, and the distribution of Sherwood numbers 
revealed large enhancements due to the presence of 
baflle blockages. Further, it was shown that the baffles 
affected the entrance length of the duct, and the 
entrance length decreased monotonically with an 
increase in the height of the baBIes. 

The pressure drops were also investigated, and it 
was found that the baffles increase the pressure drop 
much faster than they increase the mass (heat) transfer 
coefficients. Finally, the mass transfer and pressure 
data were combined under the equal pumping power 
condition, and enhan~ments of up to 90% occurred 
for the smallest baffle. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 
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TRANSFERT ~ERMIQUE TURBULENT DANS DES CANAUX RECTANGULAIRES 
AVEC DES BLOCAGES PAR BAFFLES 

R&m&-On itudie expbrimentalement le transfert de chaleur et la perte de pression dans un canal 
rectangulaire avec des blocages successifs par des d&flecteurs. Ceux-ci sont arrangbs d’une faqon itagb 
avec espacement axial fixe. Les coefficients de transfert sont &valuts dans la rkgion Ctablie #riodique et a 
l’entrk du canal. La pr&sence des bafiies augmente ces coefficients. La iongueur d’entr&e du canal est 
seusiblement r&h&e par les baffles. Les don&es de perte de pression et de transfert de chaleur sont utilisbes 

pour &vduer la.~rfo~n~ du canal. 

WXRMEUBERTRAGUNG BE1 TURBULENTER STROMUNG IN RECHTECKKANALEN 
MIT EINGEBAUTEN UMLENKBLECHEN 

aft-Es wurde eine ex~~menteile Unte~~~g dur~h~f~~, um W~~e~~~ra~g 
und Druckverlust in rechteckigen KanBlen mit ~nte~inanderlie~nden Umlenkblechen zu bestimmen. 
Die Umlenkbleche sind bei konstantem axialem Abstand versetzt angeordnet. Die Wtieiibergangs- 
Koeffizienten sind fiir den Einlaufbereich des Kanals und fiir das Gebiet der periodisch voll entwickelten 
StrBmung bestimmt. Die Umlenkbleche fiihren zur Erhahung der W&rrneiibergangs-Koeffitienten. Die 
L&ge des Eiulaufbereiches wird durch die Umlenkbleche wesentlich verkiirzt. SchlieBlich werden die 
Daten iiber Druckverluste und Wiirmeiibergangs-KoeKizienten dazu benutzt, die therm&he Leistung des 

Kanals zu bestimmen. 
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TYPISY.JIEHTHbIti TBI-LJIOIIEPEHOC B MHAJIAX I’lP5lMOY~OJIbHOI’O CEYEHkUI C 
EJIOmbIMH llEPEI-OF+O~ki 

-3KcSepAf------_ o E=JWI$Wca ~ol=peEoc B II- RalSICliEa B I;8Bane II&tSF4O$TiT- 
JIMO~O CHCBES c 6zo=~mmiu ne-peropojxmmi. lkperopozim pamo~~oxer~~ B 
m=Po~ 

inaxmaTEOM liop~ c 
ElKepnaJIOM II0 OCH. %NmaIoTm XoZ$#U5aUTbl ~W~~OZK@~~BU~~MO~UF~~CXO~~ 

~oJIWm'b~pa3~u~o8, a ~aweno~~omo~06mac~axxa~anr Ha.mmeneperopo.qo~npmo~ryse- 
nmeumo mix no3##aimemon. &mm exomioro puma 38awmmHo yhfemmwmx 38 vim nepero- 
ponor. Aamiwe no nepermy namema u Tennompemcy acno~1b3yr0~cx m ouem Temonbrx 

xapamq- Iramna. 

1499 


