Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2015, 7(4):1354-1364

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Activated coke moving bed heat exchanger performance study
Y anfeng Liu and Pengcheng Wang

School of Energy and Power Engineering, North China Power University, Baoding 071003, China

ABSTRACT

This study is attached to the SO, adsorption stripping experiment, which makes a experiment activated coke heat
exchange performance in analytic tower. Through calculation and analysis of experimental data, the overall heat
transfer performance of activated coke moving bed and the heat transfer law will be obtained. By adopting the
combination of experimental study and theoretical research method, the tube wall temperature and heat exchange
tube are given quantitatively, which provides the foundation for future research of the moving bed heat exchanger
heat transfer and particle system heat transfer research and provides reference for moving bed heat exchanger
design optimization.
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INTRODUCTION

Moving bed was developed on the basis of the flxed with excellent properties, which is often usedas-solid
reaction and heat transfer, involves the developnoénchemical industry, metallurgy, energy, envimental
protection and other fields, at present, researcthe heat transfer between solid particles andimgobed is less.
The movement of particles in the moving bed grdugntthe single particle motion is more complex, aedt
transfer characteristics in a certain extent witthia bed and moving bed inside the particle flowrabteristics
related, in actual operation of the moving bed hanamy unpredictable situation (formation of therrhalindary
layer, etc.), combined with the present theoretieakarch is not very perfect, so need to partiates wall heat
transfer mechanism and actual operation mutualacordand mutual combination, to fully understand treat
transfer characteristics of particles in the movibegl, and then to the design and operation of ngobed heat
exchanger to do further research and optimizatitake the whole heat exchanger design is reasoaatlefficient
operation[1].

Filled with removable particles moving bed, gengrailticle by the entry into the mobile bed, sloawflinside the
bed, finally, discharged from the export of movired below this is moving bed and fixed bed is tl@nndifference.
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Compared with the fixed bed, fluidized bed[2], Haantage of moving bed are: continuous flow ingideicles in
the moving bed; With wider range of moving bed banadapted to the particle size of[3].Solid pagscand fluid
(gas, liquid) to stay in the bed for a time carchanged in a wide range, this makes the movinghlasdgood load
fluctuations of regulatory and working ability tdapt.

According to the classification of the role anddtion, moving bed can be divided into moving bealcter[4] and
moving bed heat exchanger. The working principlanoiving bed heat exchanger is similar to the tulm shell
heat exchanger. general tube heat exchanger diundesube side and shell side, there are two wifie fluid
temperature in tube side and shell side, fluid wifferent temperature in the column by column othisides of the
heat exchanger tube heat transfer. Moving bed dxaztanger is to replace the shell side of the &b shell heat
exchanger fluids with solid particles, still pasfe®ugh the fluid. Moving bed heat exchanger tphsses the fluid
inside the shell side of the heating or coolingalid particles, it is very common in industriabpguction, such as:
the pyrolysis of coal moving bed; recycling of $telag cooler waste heat of moving bed in the petida of steel;
granular adsorbent desorption in the environmeartglneering of moving bed desorption tower, etc.[5]

Moving bed[6, 7] is a special kind of fixed bed,iefnis also the separation of liquid mass trand@arice using the
principle of adsorption. This kind of equipmentprbduction capacity and separation efficiency gher than fixed
bed adsorption, and can avoid moving bed adsomkeat dust, debris or blockage equipment or pipditeh flow
between the seam and solid particles.

Particle moving bed particle heat transfer charesties of experimental research mainly through ¢kperimental
method of direct access to the import and exponno¥ing bed cold heat medium temperature, aftetyaisaof
particle heat transfer law.

EXPERIMENTAL SECTION
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Figure2 principlediagram of the heat transfer coefficient measurement device

Experiment system is shown in figure 1, hot airsptee cycle through high temperature air blowemfa loop, air
heater is used to adjust and control flux intotkat transfer coefficient measurement device to &ettvated coke
hot air temperature.

The heat transfer coefficient measurement devitegiwis moving bed activated coke desorption towhes,device
principle, see figure 2. This topic experiment lie determination of the desorption tower moving b#dheat
transfer parameters of the heating section (ségtimeluding temperature, flow, pressure, etc., plate the
experimental study of heat transfer characteristiactivated coke moving bed. The temperature rebdde the
experiment are measured by thermocouple, measpdimj located in desorption tower hot air importaxport,
air import and export temperature measured desorptiwer, moving bed heating tube side and tube lsetween
three thermocouple (internal temperature, measuremieactivated coke system) moving bed transitection
(heating section measuring moving bed particleesystemperature) and below the moving bed adsorptioer
(activated coke inlet temperature measured desorpibwer).Flow by the measurement of the flow meter
measuring point is located in the heating periodhaf air import and export. Activated coke partiodeving bed
movement speed by adjusting the desorption towet feachine, unloading machine speed frequency ¢biziyol
decision.

1.2 Laboratory equipment
Desorption tower equipment used parameters arershiovable 1, activated coke physical parameters lzaat
exchange tube material properties are shown ie tabl

1.3 Experimental scheme

According to the moving bed heat exchanger desiga and presupposition of activated coke and thet in
temperature of heating medium and the velocitfffitdeand activated coke inlet temperature, caltuthe total heat
transfer rate and moving bed heat exchanger aetlvabke export temperature and heating of heasfean
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coefficient, based on using the control variablethod, calculation and analysis the change of themater
variables affect the total heat transfer coeffitiand heat transfer.Variable parameters and thenpeters design
values are shown in table 3.

Table1l Desorptiontower equipment used parameters

Device name specifications
Stripping tower for water pump Q=16m3/h H=48m, N=5.5kW
Bucket elevator Amount of material 0.3-0.6 m3/h,&xmeight 8.1m,3kW
Heat transfer coefficient measurement device The dimensions: 724 (length)x48@vidth) %3800 (height

Determination of heat transfer equipment
Type:YJD-H2, 617x493%410, 0.75kW
feeder and unloading machine
Air heater 1200(length)x1100(width) x1200 Cheight) ,N=27KW

High temperature air fan Q=675-2420Nm3/h AP =9882-10589RaN=18.5KW

Table2 Moving bed design parametersand material parameters

Device name Project/Unit Data
Moving bed Heat preservation coefficien) ( 0.95
Size /mm »9%10
Specific heat /J.(g) * 1.2
Density /Kgm™ 918
Activated coke
Stacking density /Kg' 643
Poriness 30%
h /W(mK)* 0.23
Pipe number 7x25=175
Number of passes 4
Heating section
Activated coke inlet temperature 30
Heat the air inlet temperature 500
Pipe number 7x6=42
Cooling section Number of passes 8
Cooling water inlet temperature 30

Table3 Variable parametersand design values

] Data
Project
10Hz 20Hz 30Hz
Active coke particle velocity /mmst* 0.38 0.77 1.15
Heating period of air inlet temperature / 180 205 240
Heating period of air flow/mB™ 500 550 600
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2 Experimental resultsand analysis
The total heat transfer coefficient K is calculated means of heat transfer rate equation and hakinde
calculation equation, specific as follow.

?, =q,,[C, u“1:(p1m’1D°‘1)[q:mt 1_t1') w
b= ¢ E‘Dl = (DZ (2)

®, =q,, [C,At,=q,,[C zmtz_tzl) 3
Atm = (Atmax _At min)/(ln At ma></At min) @
(5)

K =o/(A @t,)

Table 4 Heat transfer coefficient of the experimental results

Working Activated coke calculated and Tube outside heat
Total heat transfer
condition serial export temperature  measured values transfer coefficient
coefficient / W(m?K)™*

number calculated value’® minus/C W(m?K)?
1 10.6 174.2 4.3 135
2 114 171.3 5.5 14.6
3 12.0 177.8 49 15.9
4 12.7 154.0 10.0 17.6
5 14.0 147.0 5.0 20.6
6 14.0 144.2 5.3 194
7 10.9 124.0 5.0 14.0
8 15.2 134.0 1.0 21.2
9 17.0 132.1 12 26.9
10 154 130.0 4.0 23.0
11 16.0 128.0 1.0 23.7
12 13.7 135.0 0.0 18.4
13 134 137.7 4.9 18.0
14 14.2 137.4 15 19.7
15 145 136.6 2.9 21.3
16 9.6 154.4 8.5 12.2
17 9.8 155.7 4.3 121
18 10.0 157.8 54 124
19 8.7 152.5 5.4 104
20 8.8 1494 45 10.7
21 9.3 148.2 5.3 11.7
22 9.3 137.8 4.9 11.7
23 6.6 136.1 4.2 7.7
24 6.0 143.7 4.8 6.7

First according to the hot air flow, import and exptemperature experiment data and hot air sige Heantity
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d1calculated by physical property parametdrd. multiplied by the coefficient of heat preservatican get heat
absorptiond2 of activated coke particle system. Then accortbrtipe physical parameters and the inlet temperatu
can get outlet temperature of activated coke inseation. total heat transfer coefficient can getdalculating the
logarithmic mean temperature difference, combinét the total heat transfer. In particular the sidion period of
temperature measuring point measured temperatuseinladesorption tower moving bed does not repteten

temperature of the segment activated coke, buat lietween the outer wall temperature of segmeritéedange
tube and actual temperature activated coke pasticle

Through processing experimental data, the heasfearcoefficient K, activated coke exports (transitsection)

temperature calculated value, activated coke exparperature calculated value under various opeyatnditions
and actual value measurement error can be obtairetdas table 4.

The coefficient of heat transfer experiment reshttws that the valve under different opening thaticn between
air flow and heat transfer coefficient as showthia figure below:
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Figure3 Heat transfer coefficient under the speed change with air flow
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Figure4 Heat transfer coefficient of air temperature change with speed curve
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Figure5 Heat transfer coefficient changing with the air temperature curve under different air flow

According to the experimental results, the follogvconclusion can be gotten:

(1) the figure 3 shows that moving bed total heatgfer coefficient K vary with the change of theflow is
not big. Because of the hot air to the wall of tummvective heat resistance is small, the air eédbtive coke
particle heat transfer resistance mainly concesdrat the solid particles in the wall to the ougsaf the tube of the
this process. So, simply by changing the hot aiwflate and the intensity of adjusting tube of cartive heat
transfer, impact on the overall heat transfer pgsds not much. Data in the working condition ofea points
appear larger fluctuation, that is because theréxpeat condition is not very stable, lead to theeof "balance" as
stable condition, caused a certain experimental gttiis is unavoidable in the experiment.

(2) the figure 4 shows that when air parametersoisstant, activated coke in the decline of varietyhe
moving bed has a certain influence on the totat traasfer coefficient. Under the current leveltloé experiment,
the results showed that activated coke descentitglimcreased from 0.38 mm/s to 1.15 mm/s proctss total
heat transfer coefficient K is roughly from 12 Wik to 16 W/nfk level, obviously rise is bigger also, that shows
activated coke movement speed has a great influemabe moving bed heat transfer coefficient. Aatiéd coke
movement speed increase can make the moving bedaheesistance, particle side cooling effect & tmproved
significantly increased (temperature), raised ftbmwall to the particle radiation heat transfeeftioient, resulting
in the total heat transfer coefficient of the rgsinend. To ensure internal particles moving betharge heat pipe of
scour and the impact wear is small enough andaasonable structure design on moving bed, therlacesated
coke descending speed will lead to higher heasteareffect.

(3) the figure 5 shows that in the case of activateke descending speed must have, the higherirtivdlet
temperature will get greater heat transfer coedfiti Air inlet temperature is higher, the total theansfer in a
moving bed heat exchanger temperature will increafth the enlargement of activated coke descelucity can
improve the heat transfer coefficient is the saile.in all, activated coke rate of descent and mmgptir inlet
temperature are the main factors affecting thel tegat transfer coefficient. Moving bed heat transfoefficient
with activated coke descent velocity and surfadealrdnlet temperature changes as shown in figure
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Figure6 Total heat transfer coefficient K was created

3 Wall temperature and tube outside heat transfer coefficient calculation and analysis

The moving bed under different condition of totabhtransfer coefficient and the average tube t@aiperature has
been obtained, according to the existing data, lcliee average temperature of the heat pipe tubktyyalnder
various working conditions, the check process i®lsws:

First, that setting a pipe wall average temperatigitial value is equivalent of numerical calcutatiof the given
initial conditions. The experiment of practical @ahtion process,tinitial value setting of higher than that of
activated coke export 3(C temperature measurements, compute a tube witinttes surface temperature heat
transfer coefficient;h

Nu=0.0214 R &~ 10pP ?4[ +(D, /L)%}(tf 1) (©)

h=Nul/D )

The inner surface temperature is used at the sinee &ccording to the hot air to the heat exchanbe wall of
tube in the heat equation.

— b= ' (8)
cDi =0d= h m [G(ti"'tl )/Z_twi)
A tube heat transfer coefficient ban be able to get, Compare the values afrfdl h If a relative error within 1% ~
1%, the tube wall temperature set is the actualevdrf the relative error is out of 1% ~ 1%, to ©ha the value of

the t, make error in the range. After calculating thettesahange tube inner surface temperature, acaptdithe
wall heat transfer formula, it can get tube outailaverage temperature delia.t

A, =(®n (r,/r))/2ml =t,, —t,, ©)

By heat transfer coefficient expression of the heatsfer process through a cylindrical wall agailso can get
from the outer wall of tube to particlg side the heat transfer effect of the overall esatsfer coefficient.

10
K =1/((d,/)(¥h)+(d,/ 2) In(d, /d) + 1) (10
the outer wall of tubegto the side of the particle heat transfer coedfitiis calculated, whose value shown in table
5.
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Figure9 Outside heat transfer coefficient changing with the air temperature curve under different air flow

tube

From the result data can be directly see, tubedritseat transfer coefficient change with activateke movement

speed, the tendency of the hot air temperatureflamd rate, which is similar to total heat transfefficient,
specific as follows:

(1) The figure 7 shows that removing the individualtside the point mutation in the experiments, the
remained active in coke descending speed and heatirinlet under the condition of constant tempee tube
outside heat transfer coefficient changing withtimggair flow change is not big. It is also becatigge air flow rate
changing make the air to the wall of tube heatdfmconditions different. The total heat transfsistance most
focus on the process of tube, so tube arises théoa rate changed and tube outside heat transfefficient

changed little.
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(2) The figure 8 shows that air parameters constaetivated coke changes in the rate of declinethen
moving bed has a certain influence on tube outsidat transfer coefficient. Under the current lewélthe
experiment, the results showed that activated delseent velocity increased from 0.38 mm/s tol.19smprocess,
tube outside heat transfer coefficient K is roughtm 11 w/nfk to 20 w/nfk, obvious rise and it is bigger also,
that activated coke movement speed has a greaeide on the moving bed heat transfer coefficikris also
because activated coke increases movement spdembwibusly increase particle side cooling conditipraise the
heat transfer coefficient of the tube.

(3) The figure 9 shows that activated coke deseelaicity (inlet and discharge machine speed) istant, the
higher the air inlet temperature will get greateathtransfer coefficient. This is because therdatitemperature is
higher, the corresponding wall can improve the aNéemperature, so that to promote the outer wiathe tube to
the side of the particle radiation intensity of hexchange.

Activated coke rate of descent and heating aitt itelmperature is the same tube outside heat traosédficient is
the main influence factors. Tube outside heat feansoefficient change with activated coke desaetbcity and
surface hot air inlet temperature as shown in &dlL0.
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Figure 10 Tube outside heat transfer coefficient of the experimental value
CONCLUSION

(1) This paper introduces the experimental systeguipment, experiment of concrete objects and the
experiment plan, through calculation and analy$ishe experimental data obtained activated coke traasfer
performance and the overall heat transfer rule ofing bed. Specific rule is: the main influenciragtors of heat
transfer coefficient are activated coke rate ofcdas and hot air inlet temperature, within the scag the
experiment, the greater the decline speed of detiveoke, hot air inlet temperature is higher, tiwving bed heat
transfer coefficient is larger.

(2) The heat transfer model of moving bed heat anghr and the air from the tube to the outsidédefttibe
heat transfer mechanism of the particle systeng@avainly introduced and analyzed. This paper divesnethod of
heat balance method was used to calculate theingide and outside wall temperature, the tube detsieat
transfer coefficient is calculated under the wogkoondition of the experiment and analysis the sizéhe pipe
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outside the main factors that influence the heatdfer coefficient is also activated coke rate efognt and hot air
inlet temperature, the impact of relationship vitib total heat transfer coefficient is the samis, ¢bnfirms the hot
air to the activated coke mainly concentrated & doter wall of tube in heat transfer resistancthéaccuracy of
the particle system process. By adopting the coatizin of experimental study and theoretical redeanethod, the
tube outside heat transfer coefficient is obtairled theoretical calculation value roughly coincidéh the
experimental results, the moving bed heat exchahgat transfer and particle system heat transtezareh of
ascend a new step.
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