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Flow mechanism and heat transfer enhancement in
longitudinal-flow tube bundle of shell-and-tube heat
exchanger

LIU Wei', LIU ZhiChun, WANG YingShuang & HUANG SuYi

School of Energy and Power Engineering, Huazhong University of Science and Technology, Wuhan 430074, China

The flow disturbance and heat transfer mechanism in the tube bundle of rod baffle shell-and-tube heat
exchanger were analyzed, on the basis of which and combined with the concept of heat transfer en-
hancement in the core flow, a new type of shell-and-tube heat exchanger with combination of rod and
van type spoiler was designed. Corresponding mathematical and physical models on the shell side
about the new type heat exchanger were established, and fluid flow and heat transfer characteristics
were numerically analyzed. The simulation results showed that heat transfer coefficient of the new type
of heat exchanger approximated to that of rod baffle heat exchanger, but flow pressure drop was much
less than the latter, indicating that comprehensive performance of the former is superior to that of the
latter. Compared with rod baffle heat exchanger, heat transfer coefficient of the heat exchanger under

investigation is higher under same pressure drop, especially under the high Reynolds numbers.

shell-and-tube heat exchanger, tube bundle, rod baffle, vane-type spoiler, core flow, heat transfer enhancement

1 Introduction

Shell-and-tube heat exchangers are widely used in many
fields, such as power plant, chemical engineering, oil
refinery, etc., and some investigations have indicated
that more than 70% of heat exchangers are of shell-
and-tube type!'l. The baffles in heat exchangers have
primary importance because they can not only support
and fix the tube bundles, but also disturb the fluid. Ac-
cording to the flow direction in the shell side,
shell-and-tube heat exchangers can be divided to three
types, i.e., transverse flow type, longitudinal flow type
and helical flow type. With different flow types, heat
exchanger performances may present large difference.
Heat transfer coefficient in the shell side has a heavy
impact on overall heat transfer coefficient of heat ex-
changer. It is significant for studying the flow and heat
transfer mechanism to reduce heat exchanger energy
consumption, decrease heat transfer temperature differ-
ence, and improve heat exchanger performance.

Heat transfer enhancement (HTE) techniques can be

classified as':

1) reducing thermal boundary layer
thickness; 2) increasing disturbance between fluid and
surface; 3) extending heat transfer surface; and 4) treat-
ing heat transfer surface. Those techniques are all based
on heat transfer surfaces or fluid near the surfaces,
therefore, they are called boundary or surface enhance-
ment techniques ).

Tube inserts are effective HTE techniques, and com-
mon tube inserts include twisted tape, wire coil, wire
matrix, static mixture, and so on. In the traditional me-
thod, the tube is filled with inserts along the entire flow
zone. As a result, heat transfer is enhanced with a cost of
increasing flow resistance, especially in the turbulence
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Utilizing high effective heat transfer tube and dis-
turbing fluid in the tube bundles are two major methods
for heat transfer enhancement in the shell-and-tube heat
exchangers. Corrugated tube, helical corrugated tube,
tube with helical rib and converging-diverging tube are
commonly used HTE tubes. Some of high performance
HTE tubes can enhance heat transfer inside the tube, but
it is not obvious in the shell side. The traditional shell-
and-tube heat exchanger with segmental baffles have
many disadvantages, such as high pressure drop, low
heat transfer efficiency, harmful vibration caused by the
shell-side flow normal to tube bundles. In order to im-
prove the performance for shell-and-tube exchanger,
heat exchangers with different types of baffles are de-
veloped, which have relatively higher heat transfer effi-
ciency and relatively lower pressure drop, such as rod
baffles and helical baffle exchangers!'*™"".

After taking some measures of heat transfer en-
hancement such as extended ribs, vortex generator and
groove in the inner surface of confined space, the flow
resistance will increase remarkably because the increase
in fluid velocity gradient, viscous diffusion and mo-
mentum dissipation near the boundary makes the shear
force, the friction between fluid and surface and the
fluid dissipation work increase more or less. If the in-
crease of flow resistance exceeds that of heat transfer,
the overall performance for a heat transfer tube would
decrease. To solve this problem in some cases of heat
transfer enhancement, Liu et al.*® proposed a principle
of heat transfer enhancement in the core flow, and
pointed out that if tube inserts can satisfy: 1)
well-uniformed temperature in the core flow; 2) less
fluid disturbance in the boundary layer; 3) small insert
surface for disturbing fluid (or discontinuous insert sur-
face for disturbing fluid), then a larger temperature gra-
dient in the boundary layer can be made and high heat
transfer efficiency and less increase in flow resistance
can be resulted in. Liu et al.*"** conducted a mecha-
nism analysis and numerical investigation for tubes with
partial filled with porous inserts in the core flow, and the
results indicated that the comprehensive performance of
enhanced tube for different fluid was better and the
value of performance evaluation criteria (PEC) is much
bigger than 1.

Numerical simulation for flow and heat transfer in the
shell side of the rod baffle heat exchanger is conducted
in this paper. On the basis of the principle for heat
transfer enhancement in the core flow, a new type of

heat exchanger with rod-vane compound baffle is pro-
posed and performance of flow and heat transfer is nu-
merically investigated, and its performance comparison
with rod baffle heat exchanger is also conducted.

2 Rod baffle heat exchanger

2.1 Mathematical and physical models

For the rod baffle heat exchanger with square-array tube
bundles, a typical computational unit is sketched in Fig-
ure 1, by neglecting the effects of flow and heat transfer
of the shell on the tube bundles, and supposing no heat
and mass transfer between adjacent units.

Tube

Flow

" channel

Figure 1 Flow unit duct of shell side of the rod baffle heat exchanger.

Some assumptions are made to establish the mathe-
matical model: 1) physical properties of fluid are con-
stant; 2) fluid is incompressible, isotropic and continu-
ous; 3) fluid is Newton fluid; 4) the effect of gravity can
be ignored. The RNG k-& model combined with mass,
momentum and energy conservation equations is em-
ployed to numerically simulate the flow and heat trans-
fer process.

The common equations for flow and heat transfer are
expressed as

—8(pul-d5) =i pa_dj +S (1)
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The turbulence kinetic energy k and the dissipation
rate ¢ for RNG k-¢ turbulence model are expressed as
the following transport equations
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In the above equations, for continuity equation, @=1,
=0, §=0; for momentum equation, @=u, v, w, [=L.x—
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’ le
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a—’j, 7, =4.377, B=0.012. p is fluid density, u is

dynamic viscosity, Pr is fluid Prandt number, oy is tur-
bulence prandt number, p is pressure, 7 is temperature, u,
v and w are velocity components, /”is generalized diffu-
sion coefficient, @ is universal variable, and S is source
item.

The computational zone was meshed with structured
and unstructured grids. The zones near the rod or dis-
turbance structure were meshed with unstructured grid,
and the remaining zones were meshed with structured
grid. By adopting this approach, we can not only im-
prove the meshing quality but also reduce the meshing
number. By studying the effects of different meshing
approaches on the numerical results under same compu-
tational precision, we found that the meshing number of
the blocking meshing method is much less than that of
the one zone meshing method. Three grid densities
(1607161, 1447491, 1217496) were adopted to obtain
the grid independent solution. The results showed that
the difference between the results of different grid sys-
tems was less than 3%. Considering both convergent
time and solution precision, the grid system of 1217469
was adopted for the computational model.

SIMPLEC algorithm was used for pressure-velocity
coupling, and QUICK scheme was chosen to discretize
the momentum and energy equations. In this study, the
fluid is water, and computational parameters are shown
in Table 1.

Table 1 Parameters for rod baffle heat exchanger

Center space Space between Rod Hydraulic
Tube type  between tubes rod baffles diameter  diameter
(mm) (mm) (mm) (mm)
$16x2 21 80, 120 5 19

After finding out velocity and temperature fields, heat
transfer coefficient of the channel flow was calculated
by h=qg/(T,—-T,), where g is wall heat flux, 7, is wall
averaged temperature, and 7, is fluid bulk temperature.
1

2

pu

e

Friction coefficient was calculated by f = 2Ap
m
where u,, is fluid average velocity, D, is equivalent hy-
draulic diameter, / is tube length, and Ap is fluid pres-
sure drop.

The performance evaluation criteria can be expressed
as (2]

EC:LN”I’%’
1)

where N, and Nu, are Nusselt numbers for enhanced
tube and smooth tube, respectively, f and f; are friction

(4)

coefficients for enhanced tube and smooth tube, respec-
tively.

2.2 Results and analysis

The HTE mechanism for the rod baffle heat exchanger
can be stated as longitudinal disturbance effects of rod
baffle on fluid in the shell side. As the rods touch the
tubes only at each touch point, and the rod baffle is dis-
tributed longitudinally along the flow direction, they
play a role of disturbing fluid and making fluid tem-
perature uniform. As the fluid disturbance from the rod
baffle is only localized, the increase in flow resistance is
relatively small. This is very similar to heat transfer en-
hancement in the core flow ') So, by optimizing the
support structure of the rod baffle, heat transfer can be
enhanced with a relatively small increase in flow resis-
tance.

Figure 2 shows the stream line of fluid flow in the
computational unit, where it can be seen that the fluid can
be disturbed longitudinally when it flows over the rod.

Figure 3 shows the velocity, temperature and pressure
field distributions under Re=16000. From Figure 3, it
can be observed that fluid temperature slowly increases
and pressure slowly decreases from the inlet to the outlet,
displaying a tendency of uniform. When fluid flows over

Figure 2 Stream line for fluid flow over rod (Re=16000).
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Figure 3 Pressure, temperature and velocity distributions in a certain
flow section (Re=16000). (a) Velocity distribution; (b) temperature distri-
bution; (c) pressure distribution

the rods, due to fluid disturbance, velocity changes a lot
and temperature becomes uniform, which means the
effect of heat transfer enhancement is better.

Figures 4—7 show the changings of heat transfer
coefficient, Nu number, friction coefficient and pressure
drop under different Re numbers with rod spacings of 80
and 120 mm, respectively. It can be seen from the fig-
ures that with the increase in Re number, fluid distur-
bance is intensified and heat transfer is enhanced; as a
result, both heat transfer and friction coefficients in-
crease. Besides, with the increase of rod spacing, heat
transfer and flow resistance decrease. The reason is that
the fluid disturbance is reduced in the case of larger rod
spacing.

As the deficiency of the rod baffle heat exchanger lies
in that the fluid disturbance is not enough, its heat trans-
fer performance will be limited. So, with the constant
mass flow-rate in the shell side, in order to increase the
fluid velocity in the shell side, one must reduce the shell
diameter or the space between tubes, which may restrict
the design and application for the rod baffle heat ex-
changers.
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Figure 4 Relations between Re number and heat transfer coefficient.
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Figure 7 Relations between Re number and pressure drop.

3 Rod-vane compound baffle heat ex-
changer

3.1 Mathematical and physical models

According to the requirements of temperature uniform
and fluid disturbance distribution for the HTE principle
in the core flow, a more effective disturbance style to
decrease flow resistance can be designed in the shell
side of heat exchanger. With regards to this, vane type of

Liu W et al. Sci China Ser E-Tech Sci | Oct. 2009 | vol. 52 | no. 10 | 2952-2959 2955



spoiler with proper intervals can be mounted along the
flow direction. All vanes can be connected with a rod of
2 mm diameter, and the maximum vane width is 4 mm,
vane height is 6 mm, and vane thickness is 1 mm. The
transverse-section thickness of the vane is constant and
twisted angle is 45° for reducing power dissipation. Fig-
ure 8 schematically shows a flow unit with rods and
vanes in the shell side of the heat exchanger.

Figure 8 Flow unit of shell side of the rod-vane compound baffle heat
exchanger.

3.2 Results and analysis

Based on the physical model shown in Figure 8, flow
and heat transfer in the rod-vane compound baffle heat
exchanger was numerically investigated, and the com-
parison of numerical results between units of the rod
baffle and the rod-vane compound baffle heat exchang-
ers can be observed in Figures 9—13.

——

Figure 9 Steam lines for the rod-vane compound baffle heat exchanger.
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Figure 10 Relations between Re number and heat transfer coefficient.

1600

1400 } —=— Rod baffle
—— Compound baffle
1200  —e— Plain tube bundle

1000 |
800

Ap (Pa)

600 |
400 |
200 + //
0 L L L L
4000 8000 12000 16000 20000

Re

Figure 11 Relations between Re number and pressure drop.

The flow behavior in the shell side of the new type
heat exchanger is different than that of the traditional
rod baffle heat exchanger. Figure 9 shows the stream
lines over the rod-vane compound baffle. The flow pat-
tern inside the flow unit with rod-vane compound baffle
has been revealed as the swirl. As seen in Figure 9, the
swirling flow takes place mainly in the center zone.
Compared with the rod baffle heat exchanger, as fluid
disturbance is more violent, temperature in the core flow
is more uniform, which leads to a better effect of heat
transfer enhancement. Furthermore, as disturbance sur-
face of the vane type spoiler is relatively small and dis-
tributed, flow resistance can be reduced.

Figures 10 and 11 show the comparison of heat trans-
fer coefficient and pressure drop under different Re
numbers for the heat exchangers with rod-vane com-
pound baffle, rod baffle and smooth tube bundles. As
seen in the figures, the changing tendencies of heat
transfer coefficients of the three types of heat exchang-
ers are similar, and heat transfer coefficient of com-
pound baffle of heat exchanger is slightly smaller than
that of rod baffle heat exchanger, but both are better than
that of smooth tube bundles. From Figure 11, it can be
found that pressure drop of the heat exchanger with
rod-vane compound baffle or rod baffle is larger than
that of smooth tube bundles, but pressure drop of the
heat exchanger with rod-vane compound baffle is
smaller than that of heat exchanger with rod baffle. Fur-
thermore, with the increase in Re number, the discrepan-
cies between the two types of heat exchangers become
larger.

Figures 12 and 13 show the comparison of Nu num-
ber and friction coefficient under different Re numbers
for the heat exchangers with rod-vane compound baffle,
rod baffle and smooth tube bundles. It can be found that
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Figure 13 Relations between Re number and resistance coefficient.

with the increase in Re number, the Nu number also in-
creases. From Figure 13, it can be seen that with the in-
crease in Re number, friction coefficient decreases.

Figures 14 and 15 show the rate changes of heat
transfer coefficients and pressure drops for heat ex-
changers with rod baffle and rod-vane compound baffles
relative to that of heat exchanger with smooth tube bun-
dles under different Re numbers. As seen in the figures,
with the increase in Re number, heat transfer coefficient
in the shell side decreases. As to flow resistance, with
the increase in Re number, increase of amplitude of
pressure drop is bigger at first, and then shows a ten-
dency of decrease.

Figure 16 shows the change amplitudes of heat trans-
fer coefficient and pressure drop of rod-vane compound
baffle heat exchanger relative to that of rod baffle heat
exchanger. As seen in the figure, in the scope of
Re=4000—20000, increase of amplitude of heat transfer
coefficient of rod baffle heat exchanger relative to heat
exchanger with smooth tube bundles is 54%—110%,
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Figure 16 Change rates of the heat transfer coefficient /# and pressure
drop Ap of compound baffle heat exchanger relative to rod baffle ex-

changer under different Re numbers.

and increase amplitude of pressure drop is 207%—376%.
For heat exchanger with rod-vane compound baffle, in-
creases of amplitudes of heat transfer coefficient and
pressure drop are 53%—109% and 195%—282%, re-
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spectively. Compared with rod baffle heat exchanger,
decreases of amplitudes of heat transfer coefficient and
pressure drop for rod-vane compound baffle heat ex-
changer are 0.6%—1.4% and 4%—20%, respectively.
Thus heat transfer coefficient of rod-vane compound
baffles heat exchanger is close to that of rod baffle heat
exchanger, but flow resistance of the former is smaller
than that of the latter, and the difference in flow resis-
tances between the two heat exchangers shows a ten-
dency of increase in high Re number.

Figure 17 shows the changes of PEC values of heat
exchangers with rod baffle and rod-vane compound baf-
fle under different Re numbers. It can be found from the
figure that in the scope of Re=4000—20000, PEC values
of rod baffle and rod-vane compound baffle heat ex-
changers are in the range of 0.8—1.5, but PEC value of
the latter is always higher than that of the former. The
difference in PEC values between the two types of heat
exchangers shows a tendency of increase in high Re
number. The reason for this is that with the increase in
Re number, fluid disturbance caused by the rods is
gradually intensified, and as a result, the flow resistance
increases. For the rod-vane compound unit, however,
fluid disturbance from the vane type spoiler mainly lies
in the core flow, which leads to a relatively weak dis-
turbance in the boundary layer. So, increase of ampli-
tude of flow resistance is not so remarkable.

Figure 18 shows the changes of heat transfer coeffi-
cient vs. pressure drop for the heat exchangers with rod
baffle and rod-vane compound baffle. As seen in the
figure, under the same pressure drop or power dissipa-
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Figure 17 Relations between PEC of rod baffles and compound baffle
heat exchangers and Re number.
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Figure 18 Relations between heat transfer coefficient and pressure drop.

tion, heat transfer coefficient of compound baffle is lar-
ger than that of rod baffle, and with the increase in fluid
velocity, the discrepancy is more remarkable.

4 Conclusions

In summary, we have the following conclusions.

1) Under the guidance of the principle of heat transfer
enhancement in the core flow, and with the analysis of
the disturbance mechanism of longitudinal flow, a new
type of high efficiency and low resistance heat ex-
changer with rod-vane compound baffler was designed
and investigated numerically. The results show that for
the same heat transfer coefficient, flow resistance in the
shell side of rod-vane compound baffle heat exchanger
is smaller than that of rod baffle heat exchanger. And for
the same flow resistance, heat transfer performance of
the former is better than that of the latter.

2) Compared with heat exchanger with smooth tube
bundles in the Re number scope of 4000—20000, in-
creases of amplitudes of heat transfer coefficient and
pressure drop for heat exchanger with rod-vane com-
pound baffle are 53%—109% and 195%—282%, re-
spectively. But increases of amplitudes of heat transfer
coefficient and pressure drop for heat exchanger with
rod baffle are 54%—110% and 207%—376%, respec-
tively.

3) By installing the vane type spoiler, the number of
rod baffles and baffle rings can be reduced. By this way,
not only can heat transfer be enhanced and flow resis-
tance be decreased, but also the weight of heat ex-
changer can be decreased. As a result, the cost of heat
exchanger can be reduced.

2958 Liu W et al. Sci China Ser E-Tech Sci | Oct. 2009 | vol. 52 | no. 10 | 2952-2959



Qian S W. Handbook for Heat Exchanger Design (in Chinese). Beijing:

Chemical Industry Press, 2002

Webb R L. Principles of Enhanced Heat Transfer. New York: Wiley,
1994

Bergles A E. ExHFT for fourth generation heat transfer technology.
Exp Thermal Fluid Sci, 2002, 26(2-4): 335—344

Promvonge P, Eiamsa-ard S. Heat transfer behaviors in a tube with
combined conical-ring and twisted-tape insert. Int Comm Heat Mass
Transfer, 2007, 34(7): 849—859

Chang S W, Jan Y J, Liou J S. Turbulent heat transfer and pressure
drop in tube fitted with serrated twisted tape. Int J Thermal Sci, 2007,
46(5): 506—518

Wang L K, Sunden B. Performance comparison of some tube inserts.
Int Comm Heat Mass Transfer, 2002, 29(1): 45—56

Chang S W, Yang T L, Liou J S. Heat transfer and pressure drop in
tube with broken twisted tape insert. Exp Thermal Fluid Sci, 2007,
32(2): 489—501

Naphon P. Heat transfer and pressure drop in the horizontal double
pipes with and without twisted tape insert. Int Comm Heat Mass
Transfer, 2006, 33(2): 166—175

Jin J, Liu P Q, Lin G P. Numerical simulation of heat transfer of la-
tent functionally thermal fluid in tubes with coaxially inserted cylin-
drical bars inlaminar. Sci China Ser E-Tech Sci, 2008, 51(8): 1232—
1241

Mukherjee R. Use double-segmental baffles in the shell-and-tube heat
exchangers. Chem Eng Progress, 1992, 88(11): 47—52

Li H, Kottkeb V. Analysis of local shell side heat and mass transfer in
the shell-and-tube heat exchanger with disc-and-doughnut. Int J Heat
Mass Transfer, 1999, 42(18): 3509—3521

Li H, Kottke V. Effect of baffle spacing on pressure drop and local
heat transfer in shell-and-tube heat exchangers for staggered tube ar-

rangement. Int J Heat Mass Transfer, 1998, 41(10): 1303—1311

Liu W et al. Sci China Ser E-Tech Sci | Oct. 2009 | vol. 52 | no. 10 | 2952-2959

14

15

17

18

19

20

21

22

Lei Y G, He Y L, Rui L, et al. Effects of baffle inclination angle on
flow and heat transfer of a heat exchanger with helical baffles. Chem
Eng Process, 2008, 47(12): 2336—2345

Lei Y G, He Y L, Pan C, et al. Design and optimization of heat ex-
changers with helical baffles. Chem Eng Sci, 2008, 63(17): 4386—4395
Dong Q W, Wang Y Q, Liu M S. Numerical and experimental inves-
tigation of shell side characteristics for rod baffle heat exchanger.
Appl Therm Eng, 2008, 28(7): 651—660

Peng B, Qang Q W, Zhang C, et al. An experimental study of
shell-and-tube heat exchangers with continuous helical baffles. J Heat
Transfer, 2007, 129(10): 1425—1431

Kara Y A, Guraras O. A computer program for designing of
shell-and-tube heat exchangers. Appl Therm Eng, 2004, 24(13):
1797—1805

Costa André L H, Queiroz Eduardo M. Design optimization of
shell-and-tube heat exchangers. Appl Therm Eng, 2008, 28(14-15):
1798—1805

Xie G N, Wang Q W, Zeng M, et al. Heat transfer analysis for
shell-and-tube heat exchangers with experimental data by artificial
neural networks approach. Appl Therm Eng, 2007, 27(5-6):
1096—1104

Liu W, Yang K, Nakayama A. Enhancing heat transfer in the core flow
by forming an equivalent thermal boundary layer in the fully devel-
oped tube flow. In: Sixth International Conference on Enhanced,
Compact and Ultra-Compact Heat Exchangers: Science, Engineering
and Technology. Potsdam, Germany, 2007

Liu W, Yang K. Mechanism and numerical analysis of heat transfer
enhancement in the core flow along a tube. Sci China Ser E-Tech Sci,
2008, 51(8): 1195—1202

Liu W, Ming T Z. Analysis for heat transfer enhancement in the core
flow of a tube filled with porous media at different layers (in Chinese).
Proc CSEE, 2008, 28(32): 66—71

2959




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


