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To estimate the thermohydraulic efficiency of different types of swirlers of heat exchange in pipes, we have
generalized the experimental data, which has made it possible to determine the optimal range of Reynolds
numbers and the optimal geometric sizes of swirlers.
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Current energy programs call for carrying out an energy-saving policy in all fields at the cost of improving,
adopting, and investigating the energy-saving equipment, increasing the efficiency and reliability of its operation, and
environment protection.

The development of any heat exchange apparatus (HEA) proceeds from the requirement of a certain power in-
tensity of the processes proceeding in it with the observation of technological, ecological, and other norms and require-
ments and is reduced, in the final analysis, to the search, for a given time and branch, for a compromise between
capital and working costs. For instance, for transport power plants the application of different levels of forced regimes
with a weak development of cogeneration is justified. In stationary power plants, preference is commonly given to
various nonforced cogeneration regimes.

Comparison of the efficiency of different electric energy producers according to ISO-86 [1] to the new data,
mainly for low-power plants, vividly demonstrates the state of the art in heat power engineering (Fig. 1). The relatively
low thermodynamic efficiency of the power plants given in Fig. 1 is associated with the attained level of limiting tem-
peratures in the cycle, which largely depends on the heat exchange with the screening structural elements and stimulates
the development of methods for its intensification. In some cases, this is done with the aim of increasing the fuel utiliza-
tion factor in the operating plant (organization of deep cooling of flue gases, recovery of waste heat after thermal en-
gines, and increasing the performance of the heat exchangers in noncalculated regimes). In other cases, a decrease in the
specific consumption of materials of products and their capital consumption (development of new heat-exchange and
boiler equipment) is planned. Thirdly, it makes it possible to bring the process of electric energy production to a new
qualitative level (development of radically new systems for cooling gas-turbine blades and fuel elements of nuclear reac-
tors, and creation of an air-gas heater for a solid-fuel steam-gas plant (SGP) with an open cycle).

Wide use of new hydrodynamic regimes characterized by lower Reynolds numbers (Re < 104), nondeveloped
turbulence, alternating turbulent and laminar regimes, and low heat transfer coefficients requires new data on the heat
exchange intensification at low Re. These data are of particular importance for designing and redesigning thermal
power plants (TPP), objects of industrial power engineering, and heat supply systems under new condition in connec-
tion with the universal change in the operational conditions of the power industry (changeover to maneuver and under-
loaded regimes) and its restructurization (with the creation of distributed systems, rapid development of the sector of
small power plants, and changeover of small power plants to cogeneration regimes). For the existing equipment this
means the changeover to noncalculated operating conditions, burn of the heat exchange surfaces, and a decrease in the
thermal efficiency (efficiency) of the HEA. Its modernization or the development of new apparatuses calls for the
elaboration of methods for intensifying the transfer processes in nonintensive (in general) hydrodynamic regimes. At
heat supply enterprises with combined production of thermal and electric energy, it is necessary to maintain a high ef-
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ficiency of operation of equipment under all operating conditions in order to manage seasonal and technological fluc-
tuations of the thermal load.

In stationary devices of small power plants (a new, in world practice, dynamically developing kind of com-
munal and household power-generation objects of the distributed power system [1]) operating in parallel with the
power network, preference is given to optimal nonforced basic regimes with ultimately developed cogeneration and the
highest possible installed capacity utilization factor (ICUF). Objects of the base power engineering seek to reach the
highest possible efficiency of electric energy production by increasing the thermodynamic efficiency of a cycle (appli-
cation of combined and hybrid cycles and superhigh parameters).

The chosen object of investigation — the gas-to-water heat exchanger with short wide smooth pipes — is a
typical representative of HEAs needing intensification of the heat transfer and optimization of the design with the pres-
ervation of the low-head operating conditions. The fields of direct use of the developed design are tubular air heaters
of steam boilers of TPPs and production prototypes of gas-water heat generators and low- and medium-power heating
hot-water boilers burning gaseous and local fuel. Analogous devices are considered for use as high-efficiency, compact,
low-head boilers-recoverers for the operation of gas-turbine, gas-piston, and diesel power plants in the cogeneration re-
gime [2, 3].

Estimation of the Efficiency of the Heat Transfer Intensification Measures. The operation of HEAs in the
laminar-turbulent transition region of the flow conditions and nondeveloped turbulence means that the heat transfer
processes in them formally do not obey the thermohydraulic Reynolds analogy commonly used in designing heat-ex-
change apparatuses [4]. It will be recalled that, being some idealization, Reynolds analogy based on the similarity of
velocity and temperature fields is realized in its simplest form for zero-gradient flows at Pr = 1 in the absence of in-
ternal heat sources. In HEA pipes and channels, where the flow is practically always enforced, the similarity of veloci-
ties and temperatures can only be approximate, and, what is more, with the fulfillment of a number of restrictions.

In reality, in flows in pipes and channels there exist mechanisms leading to the violation of these conditions
and requiring special consideration in each particular case. Among the best known reasons for such a deviation from
the requirements of analogy are [4, 5]: 1) the difference of the Prandtl number from unity; 2) the variability of the
thermophysical properties; 3) the dependence of heat transfer on the kind of the heat transfer agent; 4) injection and
drawing off of matter on the surface; 5) volume sources and sinks of matter and energy in the flow (due to compres-
sion, friction, and proceeding of chemical reactions); 6) the nonisothermality of the boundary conditions; 7) detached
flows and swirling flows; 8) laminar and transient regimes.

Fig. 1. Efficiency of modern thermal power plants as a function of electric power
(N): GPP — gas-piston plants; GPPpg — mini-TPP-ICE burning producer gas,
GPPng — mini-TPP-ICE burning natural gas (NG); GTP — gas-turbine plants
burning NG; TDP — two-cycle diesel plants; MTP — microturbine plants; STEP
— steam engine plants; STP — steam turbine plants burning NG; SGP — steam
gas plants burning NG; SEP, Stirling engine plants; FEP — fuel element plants;
FDP — four-cycle diesel plants. Efficiency, %; N, MW.
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Successful solutions of most of these problems have been the subject of numerous articles on convective heat
transfer, in which theoretical constructions are approximated, as a rule, by criteria dependences in the form of (modi-
fied) Reynolds analogy. An analogous method is used to estimate the efficiency of measures taken to intensify the
processes of heat and mass transfer in HEAs.

By now a large number of methods for estimating of the efficiency HEAs have been developed [6]. Of these,
the most justified, clear, and recognized in the modern literature is the method of energy coefficients developed by
academician M. V. Kirpichev in the form of the relative universal efficiency criterion [7]:

E
__

′ = E ′ ⁄ Esm′  . (1)

With the use of criteria similarity equations expression (1) can be rewritten in the form convenient for com-
parison of empirical data:

Fig. 2. Values of the thermal (a) and energy (b) efficiency of swirlers according
to the data of the authors (1–13, numbering corresponds to Table 1) and the data
of [7] (1′–15′).
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TABLE 1. Influence of the Reynolds Number and Geometric Parameters of Intensifiers on the Energy E
__

′, Thermal
Nu ⁄ Nusm, and Hydraulic ξ ⁄ ξsm Efficiency in the Laminar-Turbulent Transition Region

Experiment
number Type of intensifier ReD Intensifier parameters E

__
′ Nu ⁄ Nusm, ξ ⁄ ξsm

1 Twisted tape

1565

de = 30 mm, s/D = 2.6,
δ = 0.33 mm

1.59 1.61 1.01
2755 1.87 1.94 1.03
2918 1.84 2.00 1.09
3089 1.64 1.70 1.04

2 Twisted tape

1630

de = 30 mm, s/D = 3.0,
δ = 0.33 mm

2.10 2.56 1.25
2950 2.36 2.53 1.07
3230 1.94 2.17 1.12
3560 2.18 2.34 1.07

3 Twisted tape

1660

de = 30 mm, s/D = 4.2,
δ = 0.8 mm

1.31 2.59 1.98
2710 1.24 2.39 1.92
2950 1.01 2.20 2.17
3220 1.12 2.32 2.07

4 Twisted tape

1470

de = 30 mm, s/D = 5.0,
δ = 0.8 mm

0.95 1.55 1.62
2780 1.35 1.76 1.31
2990 0.78 1.56 2.13
3350 1.00 1.69 1.68

5 Wire insert

1635

de = 30 mm, s/D = 6.8,
δ = 0.8 mm

1.81 2.66 1.47
2926 1.26 2.15 1.70
3170 1.02 1.84 1.80
3310 1.14 2.01 1.77

6 Wire insert

2680

D = 50 mm, dw = 1.0 mm,
s = 40 mm, s/D = 0.8

0.40 1.43 3.92
4580 0.42 1.12 2.68
4970 0.36 1.06 2.97
5300 0.37 1.05 2.72

7 Wire insert

2880

D = 50 mm, dw = 1.5 nn,
s = 90 mm, s/D = 1.8

0.35 1.39 3.94
4970 0.49 1.24 2.51
5190 0.44 1.27 2.90
5710 0.44 0.14 2.61

8 Wire insert

2807

D = 50 mm, dw = 2.5 mm,
s = 40 mm, s/D = 0.8

0.45 1.92 4.23
4570 0.39 1.52 3.92
4870 0.36 1.53 4.28

5600 0.39 1.62 4.15

9 Wire insert

2690

D = 50 mm, dw = 5.0 mm,
s = 45 mm, s/D = 0.9

0.34 2.24 6.60
4480 0.34 2.19 6.46
4675 0.27 1.92 7.07
5380 0.35 2.25 6.49

10 Screw

1900

de = 20 mm, s = 0.34 mm,
l = 170 mm, ϕ = 38o

0.04 2.01 48.01
2800 0.05 2.36 45.61
3150 0.06 2.45 43.11
3300 0.06 2.66 42.69

11 Screw

2100

de = 22 mm, s = 0.41 mm,
l = 500 mm, ϕ  = 36o

0.07 4.16 58.63
2770 0.07 4.22 62.11
2780 0.08 4.36 52.10
2860 0.07 4.25 60.75

12 One-propeller insert

3000

D = 50 mm, n = 0.3,
d0/d = 0.3, ϕm = 37o

0.31 3.13 10.08
4300 0.26 3.12 12.18
4420 0.23 2.95 12.63
5180 0.27 3.17 11.53

13 Two-propeller insert

2890
D = 50 mm, n = 0.3
d0/d = 0.3, ϕm = 37o

0.12 1.52 12.91
4050 0.18 2.71 14.88
4291 0.21 2.68 13.05
4800 0.20 2.79 13.94
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E
__

′ = 
Nu ⁄ Nusm

ξ ⁄ ξsm
 . (2)

In [6, 7], it is suggested to reveal the possibilities of a particular intensifier by means of the criterion E
__

max
′  at

each particular number Re. For example, for transverse projections at a fixed number Rei = idem for a number of con-
stant heights (h ⁄ d) of diaphragms at all possible step sizes (s ⁄ h) the set of coefficients E

__
′ is found. From this set the

variant E
__

max
′ (Rei) indicating projection parameters (h ⁄ d, s ⁄ h) optimal for a given number Rei is chosen. The depend-

ences of the limiting efficiency E
__

max
′ (Re) for some types of intensifiers are presented in Fig. 2. Comparison of the lim-

iting regime characteristics for different types of intensifiers makes it possible to justifiably choose the optimal design
in the given range of Reynolds numbers.

On the basis of such methods the authors have done much work to reveal the limiting themohydrodynamic
regimes for different types of intensifiers [7] and summed up a kind of intermediate results on the problem of creating
effective heat transfer intensifiers in the channels of power plants. In so doing, the authors noted, in particular, the
lack of information in the region of the laminar-turbulent transition in intensified channels and pointed to the urgency
of investigating the processes in this region. Comparison of the results of these investigations with our data is given
in Fig. 2. Several points are worthy of notice: the quasi-resonant character of the fields of parameters with a maximum
in the transition region; the presence of two regimes qualitatively differing in efficiency (>1 and <1), and "successful"
filling with our data of the relatively free interval in the range of ReD = (2–6)⋅103.

Returning to the analysis of the efficiency of thermohydraulic regimes of channels with heat transfer intensi-
fiers, note that from the E

__
′ value, one can judge the efficiency of a given intensifier. Depending on the E

__
′ value, sev-

eral groups are distinguished.
The first group includes conditionally low-efficiency regimes (E

__
′ < 1) most widely used before the middle of

the 20th century. Having often a high thermal efficiency with Nu ⁄ Nusm > 1, devices operating under such conditions
are characterized by a low hydraulic efficiency ξ ⁄ ξsm >> 1. An illustrative example of such specific heat exchangers
are cyclone apparatuses (primary furnaces) in which the Nu value increases, due to the swirling, by a factor of 25–30
and the hydraulic resistance increases by two orders of magnitude. Systems with a less clearly defined prevailance of
hydraulic losses also exist. For instance, when on the inner surface of the pipe continuous sandy roughness is created
(Nikuradze’s experiments), the E

__
′ value appears to be only 15–20% less than unity. As was shown in [8, p. 288], vio-

lation of similarity of the boundary conditions in the equations of motion and heat transfer towards the friction forces
lowers the efficiency of the surface with sandy roughness at ReD = 104–105 even at Pr = 1 and grad P = 0 to
E
__

′ �0.86 at Nu ⁄ Nusm = 1.57. In the special literature [4, 6, 9, 10], one can find many examples of a much lower ther-
mohydraulic efficiency (E

__
′ << 1) of intensified surfaces (Nu ⁄ Nusm > 1) compared to smooth pipes (Fig. 2).

The second group represents effective thermohydraulic regimes with leading intensification of the heat transfer
compared to the increase in hydraulic losses E

__
′ > 1. In many cases, they are of practical interest since they permit en-

ergy-effective optimization of the design. Its manifestation is maximum in the transition region with E
__

′ � 2.5–3 and in-
significant in the region of developed turbulence at ReD > 105 or at Reynolds numbers close to zero.

Choice of the Intensification Method. Among the various methods of creating effective thermohydrodynamic
regimes is the easiest-to- realize method of flow swirling. As the heat transfer coefficient increases by a factor of 2–
2.5∗ or higher, it produces a much stronger effect on the proceeding of different heat-power processes, which makes
it possible to intensify heat flows, decrease the temperature inhomogeneity in the structure, stabilize combustion, and

TABLE 2. Maximum and Minimum Values of the Thermal, Hydraulic, and Energy Efficiency of the Tested Intensifi-
ers according to the Experimental Results

Type of intensifier
Nu ⁄ Nusm ξ ⁄ ξsm E

__
max′

max min max min max min

Twisted tape 2.66 1.55 2.17 1.01 2.36 0.78

Wire insert 2.25 1.05 1.05 2.68 0.49 0.27

Screw 4.36 2.01 62.11 42.69 0.08 0.04

One- and two-propeller
insert 3.17 1.52 14.88 10.08 0.31 0.12
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decrease the drift of heating surfaces. Active investigations on these lines∗∗ point to its importance and high demand
and to the practical significance of the results obtained. It should be noted that along with the new methods of vortex
intensification with E

__
′ > 1 [10] by "building-in" self-organizing swirling jets in the turbulent flow (the so-called tornado

technologies), the classical variants of creating vortex structures by forming a vortex∗∗∗ in the flow on a periodic
transverse roughness of certain (optimal) parameters continue to be developed. Exciting detached vortex motion with
jet effects in the near-wall region, periodic roughness elements are the main reason for the deviation towards higher
values of the thermohydrodynamic efficiency E

__
′ > 1 [6], which finds a proper calculation-theoretical justification [10, 11].

However, the multivariance of the system, the poor ability to simulate phenomena, as well as the difficulties of diag-
nosing small-scale phenomena and the fragmentary character of investigations, with understandable, in general, tenden-
cies, require an individual approach in solving concrete problems.∗∗∗∗

The efficiency E
__

′ of such an intensifier depends on the step s ⁄ D and the kind of liquid. When air is passed
in pipes with small knurling steps (s ⁄ h = 10–15, angle of attack ϕ ≥ 50–60o), the value of the energy efficiency is
close (with some excess) to the value at transverse roughness [12]. Stretched spirals and water streams produce a more
clearly defined swirling effect, and the thermohydrodynamic efficiency will decrease (E

__
′ < 1).

Investigation of the Efficiency of Swirlers in the Laminar-Turbulent Transition Region. We carried out
investigations with four types of intensifiers under nonisothermal conditions by the method described in [13]. The ther-

Fig. 4. Influence of the diameter of the wire swirler rod on the heat transfer
(a), the hydraulic resistance (b), and the energy efficiency (c) of the working
part: 1) Re = 4480; 2) 5000; 3) 5700. dw, mm.

Fig. 3. Influence of the relative step of the twisted tape on the heat exchange
(a), the hydraulic resistance (b), and the energy efficiency (c) of the working
part: 1) Re = 2800; 2) 3200; 3) 3560.

∗As a rare exception to the general tendency (Nu ⁄ Nusm > 1), we can mention the situation with the condensation on
knurling pipes investigated in [9], as well as in [10].

∗∗Which is evidenced, in particular, by the topics of the recent conferences on heat transfer (Russian national con-
ference on heat transfer-1, Russian national conference on heat transfer-3).

∗∗∗Variants of heat transfer intensification by the swirling proper — the creation of helical motion of the whole mass
of the liquid or a part of it with different forms of secondary flows (reverse, cross flows) in a cyclone, a screw,
a helical coil, etc. are usually low-efficiency ones (E

__
′ < 1).

∗∗∗∗The discrepancy between the experimental data for the heat transfer and hydraulic resistance obtained by different
authors sometimes reaches 100% and more [4, 6].
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mal and hydrodynamical results were published in [13, 14] and are presented in Table 1. Preliminary choice of opti-
mal geometric sizes of intensifiers was carried out by the standard method of a planned experiment. The data obtained
reflect well the general picture of the thermohydraylic efficiency of intensifiers complementing the already known val-
ues in the little-studied range of Reynolds numbers ReD = 2000–6000 (Fig. 2).

Table 2 and Figures 3 and 4 show the dependences of the thermohydraulic efficiency of the tested swirlers
obtained in experimental data processing. The highest energy efficiency (E

__
max′  = 1.94–2.36) at a moderate thermal effi-

ciency (Nu ⁄ Nusm = 2.17–2.56) was obtained for thin twisted tapes at large angles of attack ϕ > 500 (δ = 0.33 mm, s ⁄ D
= 3). The thermal efficiency of the wire inserts is lower throughout the range of rod diameters dw at a high and rapidly
increasing hydraulic resistance. Propeller inserts and screws give a maximum increment of the heat transfer Nu ⁄ Nusm =
3.17–4.36) and an order of magnitude higher increment of the hydraulic resistance (ξ ⁄ ξsm = 4.88–62.10).

It is expedient to use the considered methods of heat transfer (flow swirling) intensification in low-power power
plants since they are simple, cheap, and permit improving the technical-and-economic indices of heat exchangers.

NOTATION

D, internal diameter of the pipe; dw, diameter of the rod of the wire swirler; de, equivalent diameter; d0, in-
ternal rod diameter; E ′, energy efficiency; E

__
′, relative universal energy efficiency criterion; h, height of transverse

roughness projections; l, screw length; Nu, Nusselt number; n, exponent; P, fluid pressure; Pr, Prandtl number; Re,
Reynolds number; s, step; δ, thickness of the tape swirler tape; ξ, hydraulic resistance coefficient; ϕ, angle of inclina-
tion of the screw. Subscripts: max, maximum; sm, smooth pipe; e, equivalent; w, wire; m, medium.

REFERENCES

1. L. S. Belyaev, A. V. Lagerev, V. V. Posekalin, et al. (N. I. Voropai Ed.), Power Engineering of the 21st Cen-
tury: Conditions for Development, Technologies, Predictions [in Russian], Nauka, Novosibirsk (2004).

2. V. E. Silin, V. V. Kostyunin, Zh. Luvsandorzh, and A. F. Ryzhkov, Contemporary low-power gas-generating
plants, in: Problems of Gas Dynamics and Heat and Mass Transfer in Power Plants, XIV School-Seminar of
Young Scientists and Specialists headed by Academician A. I. Leontiev [in Russian], 26–30 May 2003, Vol. 2,
Rybinsk, Russia (2003), pp. 130–133.

3. A. V. Naumeiko, M. S. Gofman, V. I. Deinezhenko, and A. F. Ryzhkov, Optimal designs of a shell-type hot-
water boiler, Prom. E′nergetika, No. 10, 37–40 (2002).

4. E′. K. Kalinin, G. A. Dreitser, and S. A. Yarkho, Intensification of the Heat Transfer in Channels [in Russian],
Mashinostroenie, Moscow (1990).

5. G. V. Gavashelivili and A. B. Garyaev, Disturbance of analogy between friction and heat transfer at variable
boundary conditions in heat exchange apparatuses, in: Energy Saving — Theory and Practice, 2nd All-Union
School-Seminar of Young Scientists and Specialists [in Russian], ME′I, Moscow (2004), pp. 304–307.

6. Yu. F. Gortyshov, V. V. Olimpiev, and B. E. Baikaliev, Thermohydraulic Calculation and Design of Intensi-
fied-Heat-Transfer Equipment [in Russian], Izd. Kazansk. Gos. Tekhn. Univ., Kazan’ (2004).

7. A. I. Leontiev, Yu. F. Gortyshov, V. V. Olimpiev, and I. A. Popov, Efficient heat transfer intensifiers for lami-
nar (turbulent) flows in the channels of power plants, Izv. Ross. Akad. Nauk, E′nergetika, No. 1, 75–91 (2005).

8. S. S. Kutateladze, Principles of the Heat Transfer Theory [in Russian], Atomizdat, Moscow (1979).
9. Yu. G. Nazmeev, Heat Transfer in Laminar Liquid Flow in Discretely-Rough Channels [in Russian], E′nergoa-

tomizdat, Moscow (1998).
10 V. K. Migai, Modeling of Heat Exchange Power-Generating Plants [in Russian], E′nergoatomizdat, Leningrad

(1987).
11. G. A. Dreitser and I. E. Lobanov, Study of the limiting intensification of the heat transfer in pipes by means

of artificial flow turbulization, Teplofiz. Vys. Temp., 40, No. 6, 958–963 (2002).
12. V. V. Olimpiev, Laminar-turbulent transition in heat exchanger channels with projections-heat transfer intensifi-

ers, Teploe′nergetika, No. 7, 52–56 (2001).

27



13. L. Zhargalkhuu and A. F. Ryzhkov, Experimental investigation of the heat transfer in transition-region pipes, in:
Theoretical and Experimental Investigations in Power Technology (Vestn. UGTU-UPI), Inter-University Volume
of Scientific Papers, Ekaterinburg, 2005, No. 4(56), pp. 104–124.

14. L. Zhargalkhuu and A. F. Ryzhkov, Experimental investigation of the aerodynamics in pipes at small Reynolds
numbers, in: Theoretical and Experimental Investigations in Power Technology (Vestn. UGTU-UPI), Inter-Uni-
versity Volume of Scientific Papers, Ekaterinburg, 2005, No. 4(56), pp. 101–103.

28



<<
  /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 [594.000 792.000]
>> setpagedevice


