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OPERATING PARAMETERS OF SORPTION BATTERY OF HEAT
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EKCILTYATAIIAHI HAPAMETPU COPBIIMHOT O
AKYMYJISITOPA TEIIJIOBOI EHEPT'II BUIKPUTOI'O THITY
TEILIOIIOCTAYAHHSI B CUCTEMAX

BeasinoBcbka O.A., KaHA. TeXH. HAYK, 10IEHT,
Cyxuii K.M., 1-p TexH. HayK, npogecop,
Koaomiens O.B., accucrent, Cyxuit MLII., kana. TexH. HayK, npodgecop
JABH3 «Yxkpaincbkuii Jep:kaBHMI XiMiKO-TeXHOJOTiYHUI YHiBepcUTET»,
M. J{Hinpo

Abstract. Operating processes of open-type sorption heat accumulator in heating systems were studied. The
algorithm for calculation of its performance is developed. It includes computation of mass transfer cofficient,
sorption, useful heat sorption, heat input for heating the sorbent, device casing, water in the humidifier, evaporation
of water, heating the sorbed water, desorption, and calculating efficiency coefficient. Operational performance of
open-type heat storage device based on the sorbent composite ‘silica - sodium sulfate’ is estimated. Suggested
composite sorbent is obtained from tetraethoxysilane, Na,SOs, ethanol (as a solvent), hydrochloric acid (as a
catalyst) and polyionenes served as organic modifiers. The impact of vapor flow velocity on efficiency is taken into
account by the coefficient equal sorption value. A monotonic increase of efficiency coefficient while increasing the
vapor flow speed and its relative humidity is shown. The efficiency coefficient of heat storage device is shown to be
with little to no dependence with regeneration temperature heightened from 90 °C to 110°C. The optimal operating
conditions of the heat accumulating device which allow to operate with maximum magnitudes of efficiency
coefficients 53 — 57 % are stated to be vapor-air mixture speed 0.6 - 0.8 m/s and relative humidity of 40 — 60 %. The
results of simulative experiments and field trials are given. Field tests were carried out in two modes differed with
start time. Heat storage device was switched on in the morning or in the evening for load-factoring of electric
energy peaks, indoor temperature being kept within limits from 20 °C to 22°C during day or night hours.
Correlation between efficiency coefficients deduced from experiments and calculated with suggested algorithm is
confirmed. The possibility of reducing the power consumption by applying of the heat accumulators in 2,4 - 90 times
versus decentralized heating systems on basis of solid fuel boiler, gas boiler and electric boiler is stated when open-
type sorptive heat storage device used. Results of the study can be applied to develop sorptive storage devices in
decentralized heat supply and ventilation systems and sorption units for utilization of low-temperature waste heat.

Anomauin. JJocniooceno npoyecu excniyamayii copoyiiiHo2o axymynsmopa meniogoi emepeii 8ioKpumozo
muny 8 cucmemax menionoCmavanus. 3anponoHosano  aneopumm  PO3PAXYHKY U020  eKCHIYAMAyitHux
Xapakmepucmux. o00uucienns Koegiyichma maconepedadi, eeauuuHu copoyii, Kopuchoi meniomu copoyii,
BU3HAYEHHSI BUMPAT MENIOMU Ha Npoyec, K BKII0YAIOMb GUMPAmMuy meniomu 0Js Haepiey aocopbeHmy, Kopnycy
VCMAHOBKU, 800U 6 OAKY, 8UNAPOBYBAHHS 800U 8 OAKY, HASPIBAHHSA CcOpOOBaHOI 600U 1 decopdyil, a MaKo;iC
obuucnenus xoegiyicuma kopucwoi 0ii. [ocniddceni excniyamayiii Xapakmepucmuki menioaKymyaony02o
NpUCMPOr0  BIOKPUMO20 MUNY HA OCHO8I KOMNO3UMHO20 COpOeHmy «cunikazeib — Hampiti cyivghamy. Bnaue
WBUOKOCMI NAPONOGIMPAHO20 NOMOKY HA Koe@iyieHm KOpucHoi Oii 8paxosano 3a 00NOMO20K Koeiyienma,
pisHozo eenuyuni aocopoyii. Ilokazano MOHOMOHHe 3pocmanHsA Koe@iyienma KopucHoi Oii npu 30inbuieHHs
WBUOKOCMI  NAponogimpsaHo20 HOMOKY ma 1o2o 6IOHOCHOI Gonococmi. Busenena npakmuuna 6i0CYmMHICMb
3anedcHocmi Koegiyicuma Kopuchoi Oii 6i0 memnepamypu pezenepayii copbenma. Busnaweni onmumaibHi ymosu
excniyamayii menioaKymynony020 npucmpor. ueuokicmes naponogimpsnoi cymiui 0,6 — 0,8 m/c ma ii ¢ionocna
sonozicmo 40 — 60 %, sKi 003601510Mb eKCNAYAMYBAMU MENIOAKYMYTIOIOUUL NPUCMPIU 3 MAKCUMATbHUMU
3HaueHHAMU Koeiyichma KopucHoi 0ii 53 — 57 %. Haeeleni pe3yiomamu MOOEIbHUX MA HAMYPHUX GUNPOOYEAHD.
IHliomeepoacena ropensyis roepiyicumie KoOpucHoi Oii, 6CMAHOGNCHUX 34 PE3YIbMAMAMU PO3PAXYHKIE 32I0HO
3anponoHo6aHo2o aicopummy ma Q0CHIOHUM WASXOM. Bemanoeneno moscaugicms CKOPDOYEHHA eHepecOCNnONCUBAHHA
Menioaxymynonyoeo npucmpoio 8 2,4 — 90 pazie 8 nopieHAHHI cucmem 0eyeHmpaniizo8aHo20 MmenionoCmaiaHts Ha
OCHOBI  MBEPOONANUBHUX, 2A308UX MA eleKmpuyHux Komaie. Pezyiemamu Odocniodcenns moxcyms Oymu
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BUKOpUCMAHI 011 PO3POOKU AOCOPOYIUHUX AKYMYIAMOPIE 6 CUCMEMAX 0eyenmpanizo6ano20 menjionoCmadanis ma
BEHMUAAYTT, @ MAKOXHC COPOYTIIHUX MOOYIG 01 YMUNI3AYIT HUZLKO-NOMEHYIIHUX 6MOPUHHUX eHepeopecypCis .

Key words: heat storage device, composite sorbent, sorption.

Ki1r040Bi cjioBa: TeIuIoaKyMyTIOIOYHIA TIPUCTPiil, KOMIIO3UTHHIA COPOEHT, COpOITis.

Monotonic growth of fuel costs resulted in unbridled increasing of energy rates demands of equalization of
electrical load for electric power system. There are three zones on typical electrical load curve: minimal load (night-
time valley) or off-peak demand, intermediate load and maximal or peak load [1]. Imbalance daily load of energy
consumption resulted in decreasing of efficiency of generation, transmission and consumption of energy power
because of necessity of rather expensive equipment with pessimistic performance working at its nominal load during
limited amount of time. Equalization of energy load curves for energy system promotes decreasing requirements to
generating capacities and also recurrent expenses for equipment installation due to its effective operation. Methods
of electric load regulation are preferentially concerned with load control of plant [2], which includes production
process shift to time intervals with low rates by means of batteries and capacitors with high capacity [3] taking into
account limitations, these devices being rather expensive and operation complex. An effective method for filling of
night-time valley can be using of electric power extra for decentralized heat supply of residential building.
Consumers used electrical devices for water or air heating can become driven consumers-regulators storing up
energy in out-of-peak periods of power consumption and consuming it in peak periods, electric load curve for
energy system being equalized.

Sorptive heat accumulators are one of technical solution for it [4, 5]. These devices heat water for heat supply or
air for ventilation in peak periods and consume electric power for sorbent regeneration in night period. Moreover,
electric energy consumption can be substantially decreased utilizing solar energy transformed into heat energy in
solar collector. Nevertheless, the main factors determining exploiting parameters of such devices are operating
characteristics of heat storage materials. Despite the ample quantity of works concerned with synthesis of sorptive
materials [6 — 8] operating processes of sorptive heat storage devices are close to be still unstudied.

The base principles of modeling and optimization of cyclic sorptive processes are developed by Lukin [9].
Nevertheless, estimation of operating parameters of heat storage device and selecting of its optimal parameter
require of multifactorial studies of heat-and-mass transfer in these media, it being concerned with high material
inputs. Consequently, developing of algorithm for calculation of optimal construction and working parameters of

heat storage device takes central stage.

2 5 4 The present work is focused on operating
processes of open-type heat energy storage
device in autonomous heat supply system.
According to the aim of present work, the tasks

of investigation concerned with:
- developing of algorithm for calculation
<« of efficiency coefficient of open-type heat

.5 I storage device;
1 TS - identification of the key factor
9 effecting weighing with efficiency coefficient of
A heat storage device;
3 - determination of operating parameters

when maximal efficiency coefficients of heat
accumulator obtained.
Fig. 1. Test heat storage apparatus: 1 —thermal insulated
Experimental
Design of open-type heat storage device is
hurnidifier; 6 — resistance element [10]. given in Fig. 1 [10].

As heat storage materials composite
sorbents ‘silica gel — sodium sulphate’ are used, they being synthesized from tetracthoxysilane, Na>SO4, ethanol (as
a solvent), hydrochloric acid (as a catalyst) and polyionenes served as organic modifiers. The structural formulas of
polyionenes are given below [4]:

casing; 2 — heat storage material; 3 — compressor; 4 — air
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Diameters of composite sorbents granules are 0.5 —1.5mm.

— The heat storage device is operated into two steps. On

the first step external air is fanned by compressor 3 into
humidifier 4 where its relative degree of humidity is

Computer inc_reased to 60 — 80 %. Then humidified air is heated in

d T ¢ resistance element 5 to 30 — 40°C because of low rates of
ata innu sorption at lower temperatures. Furthermore humidified air

is directed into heat storage material. After short-term

w :0,1 warm-up of heat storage material (15 min.) water sorption

] from air passed to heat storage material occurs.

A Exothermic sorption processes resultes in temperature
Calculation of mass transfer increasing of both heat storage material and air. Therewith,

outlet air temperature is 90 — 115 °C. On the second step

Copifﬂfle.nt . | (regeneration) heat air pumped through sorbent layer to
Calcu at!on of sorption va _Ue warm up sorbent to temperatures above 90°C up to
Calculation of useful sorption heat | desorption.

Calculation of heat inputs for According to these steps, algorithm for computation of
process efficiency coefficient open-type heat storage device is

1) Heat for sorbent warmin suggested, its control-flow chart being given on Fig. 2.
. 9 , Having been considered operation steps of heat storage

2) Heat for warming-up of devicel geyice, efficiency coefficient () is calculated as %:

casing Q,

3) Heat for warming-up of sorbed = Q, 100 @

water where Q, is useful heat (sorption heat), kJ:

4) Heat for desorption Q=1 . -AH_ . @)
v where Msor is sorbent mass, kg; AH_, — sorption heat,

W= W k/kg;
Q,, is heat input, kJ:
Qin = Qdes + Qshorb + thas + Q\Tv + Qshw + Q\?\/V ' (3)

whereQ,.., Q" ., Q"es, Q, QI,, Q¥ are heat inputs
for desorption, heating of sorbent, device casing, water in
the humidifier, sorbed water, water evaporation, kJ.

Heat quantity for warming of materials and device

Results components is calculated by common formula:
outnut O=M-C-At 4
The influence of air-vapor flow rate on efficiency
v coefficient is taken into account by coefficient A showing
End sorption value, kg/kg. This coefficient is used for heat

costs for desorption
Fig. 2. Control-flow chart for Ques =AHges - 1 o - A ®)
calculation of efficiency factor of and for heating of sorbed water:

sorptive heat storage device. Q=M - AN, - (teg —ton,)
(6)

where AH,. = 2850 kJ/kg is heat of desorption,

M, is mass of sorbent, kg, Cw — specific heat of water,
kJ/kgK, treg and tenv, are temperatures of regeneration and environment, °C.
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Sorption value is calculated by formula [11] :

= CO -C 'Vair (7)
MSDI’

where Vair is air volume: Vair = Frew - 7, m®; Fis is cross-section area of heat storage device, m?, w is air-vapor

flow rate, m/s, z is sorption time, s, Co and C are inlet and outlet concentration of air-vapor flow, kg/m? [11]:
C
C=——2%—
(s

A , (8)
e w +1

where H is heat storage device height, m, Amax is sorption capacity of sorbent, kg/kg; B —mass transfer
coefficient, s, calculated by [12]:

41 1 1 9)
B By By PBes
where By, B and f.s are mass transfer coefficients for gas phase, pores and coplanar stirring, s [12].

According to results of calculations sorption rate is limited with rate of diffusion in pores, that being confirmed
by kinetic study of water vapor sorption [10].

Results and discussion

Dependences for efficiency coefficient of open-type heat storage device based on composite silica gel — sodium
sulphate vs. air-vapor flow rate calculated by (1) — (9) are given on Fig. 3. Increase in air-vapor flow rate and its
relative degree of humidity are followed by rise of efficiency coefficient of heat storage device 1. Value 1 is shown
to be near permanent when regeneration temperature increased from 90 to 110°C. Maximum efficiency coefficients
of 55 — 57% are evaluated for vapor-air mixture speed 0.6 — 0.8 m/s and relative humidity of 40 — 60%.

% % n, 7o
n m 60
50
50 50+
401 ] 0]
301 1
. 0 30 ) 0
Regeneration temperature, C 304 Regeneration temperature, C
20 —=—90 Regeneration temperature, 'C 20 —=—90
——100 204 —=—90 ——100
104 —a—110 —e—100 101 —a—110
104 —a— 110
0 . . . . 0 . .
0,0 0,2 0,4 0,6 0,8 00 0 0,2 0-4 0'6 0‘ 0,0 0,2 0,4 0,6 m/s
, ) . ' w,
w, m/s w, m R y
a 6 B

Fig 3. Efficiency coefficient-vs-air flow rate. Relative humidity degree: 40 (a), 50 (b) and 60 % (c).

Heat storage device tests was carried out in premise with floor area during period from 1 of November 2014
to 28 of February 2015. Tested device was used for load-factoring in power systems instead of fan heater and oil
heater, their energy consumption being 1.5 — 2.5 kW. The initial temperature in premise was 12°C. Vapor-air flow
rate was set at 0.25 m/s. Heat storage device was filled with 10 kg of sorbent ‘silica gel — sodium sulphate’. Mineral
wool (thickness 100 mm, thermal conductivity coefficient 0.035 W - m/K) was used as warmth-keeping material.

Accumulating device was tested in two modes. In the first half-term it was switched on for load-factoring of
electric energy in the morning, indoor temperature being kept within limits from 20 °C to 22°C during day hours.
During the second half-term heat storage device was switched on for load-factoring of evening peak of electric
energy, indoor temperature being kept within limits from 20 °C to 22°C during night hours up to next morning.
Average temperature plots for both test modes are given on Fig. 4. Two peaks according to discharging and charging
of heat energy device are observed on both curves, they being registered as the first and second after accumulator
start. Peak sorbent temperature when discharged is almost 60°C, it being resulted from sorbent cooling with air-in
flow.
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Hotter temperature when charged is corresponded with composite sorbent regeneration temperature. When
composite regenerated during day hours, heat for its warming and regeneration carried by solar collector, in night
hours this being carried by resistance element. Efficiency
factors calculated with ratio of two peaks ratio are almost
32 % for both operating modes, it being correlated with
calculated values 33 % for the same conditions.

To ascertain advisability of sorptive heat storage device
for space heating energy consumption of solid fuel
combustion boiler, gas-fired combustion boiler and electric
boiler were compared when heat demand equaled to 339.5
MJ per day for floor area 100 m?. Indexes min and max
correspond to energy consumption at solar and cloudy
weather respectively. Results are given in the Table.

When open-type sorptive heat accumulator applied,
energy consumption in heat supply system was decreased in
minimum of 3.5 times versus gas-fired combustion boiler.
As compared to solid fuel combustion boiler and electric
boiler, energy consumption was reduced no less than 2.9
and 2.4 times. When heat for sorbent regeneration carried
by solar collector, energy consumption was lessened about 90, 76 and 61 times versus gas-fired combustion boiler,
solid fuel combustion boiler and electric boiler, respectively.

2 1
-

—
o)} o] o
(ID o o

Toamnaratura o
~
o

20+ .
0 2 4 6 8 101214 16 182022 24
Time of a day
Fig. 4. Averaged temperature sorbent curves
when heat storage device started in the morning
(1) and in the evening (2).

Table. Energy consumption when sorptive open-type heat energy storage deviceused for space warming
(floor area is 100 m?)

Heat source Solid fuel Gas-fired Electric boiler Heat energy Heat energy
combustion combustion Dnipro-mini storage storage
boiler boiler 12kW, 380 V devicemin devicemax
PROTECHN PROSKURIV
TT AOGV-16 B
Capital 7 7 5 6 6
input, Thous.
UAH
Energy 22 26 17.69 0.29 7.5
consumption,
kg of
standard fuel
per day
Conclusions

Operating processes of open-type sorptive heat storage device were studied. Algorithm for calculation
efficiency coefficients of this device is developed. It involves computation of mass transfer cofficient, sorption,
useful heat sorption, heat input for heating of sorbent, device casing, water in the humidifier, evaporation of water,
heating the sorbed water, desorption, and efficiency coefficient.

Optimal technological parameters of exploiting processes of open-type heat storage device based on composite
sorbent ‘silica gel — sodium sulphate’ are estimated by suggested algorithm. They are stated to be vapor-air mixture
speed 0.6 — 0.8 m/s and relative humidity of 40 - 60%, efficiency coefficient being ranged from 53 to 57 %.

Power consumption decreasing in 2,4 - 90 times versus decentralized heating systems from solid fuel, gas and
electric boilers is stated when open-type sorptive heat storage device used. Its operating economy is stated for
decentralized heat supply systems. Application perspectiveness of open-type heat storage device is shown for heat
supply systems.
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IKOHOMMWYECKHME INEPCIIEKTUBbBI TPOU3BO/ICTBA
CUHTETUYECKOI'O MOTOPHOI'O TOIIJIMBA U3 YIJISI
IHAPOIIVIASMEHHOU 'ASU®OUKALIMEN

XouasByeHko JI.T., KaHI. TeXH. HAYK, CT. HAY4YH. COTP.,
Omnapun C.A. ¥, kaH[. TeXH. HayK, aoueHT,JaBbiioB C.JL.,
HNuctutyT reorexunyeckoit Mmexanuku um. H.C. IloasikoBa HAH Ykpaunsbl,
Anenp, Ykpauna
*I'BY3 «YKpauHCKH rocy1apCcTBeHHbII XUMHKO-TEXHOJOTHYeCKUI YHUBEPCUTETY,
Anenp, Ykpauna

ECONOMIC PROSPECTS FOR PRODUCTION OF SYNTHETIC

MOTOR FUEL FROM COAL GASIFICATION PIROPLASMOSIS
Holyavchenko L. T., Oparin S. A. *, Davydov S. L.
The Institute of geotechnical mechanics. N. With. Polyakov NAS of Ukraine,
Dnipro, Ukraine
* Ukrainian State University of Chemical Technology, Dnipro, Ukraine

Annomayun. OOnum u3 HANPAGLEHUU 9HEP2EMUYECKUX PeCypcos, albIMepHAMUGHbIX Hemu, A61aemcs
nepepabomra  yenepoocodepicawux cped 8 JicudKue MomopHvle monauea. Paspabomannvie mexnonocuu
nepepabomxu yenepoocooepiucaujux cped 8 CUHMemuyeckue MOmopHsle MONau8a 00 HACMOose20 8peMeHl Obliu
IKOHOMUHECKU HEKOHKYDEHMHbIMU C MMEXHONOUSMU NOTYHEHUs MOMOPHbIX MONAUE U3 Hepmu 6 cei3u ¢
00CMAMOYHO HU3KOU CIOUMOCIbIO He@hmu U 8blCOKUMU KANUMATOBIONCEHUAMU ANbIMEPHAMUBHBIX MEXHOL02U.
Yuumeieas muposyro meHOeHyur NogululeHUs CMOUMOCU Hemu U 603PACMAHUAL MPebOBaHUll K OXpaHe
OKpYoHcaloweli cpeodvl, anbmepHamueHvie MexHoI02UU CIMAHOBAMCA KOHKYpeHmubiMu. B smoil céasu nogviuaemcs
unmepec K MeXHON02UAM N0 NOAYYEHUIO CUHMEMUYECKUX MOMOPHLIX MONIUE U3 Y21epO0Cco0epHCcaujux cpeo,
umerowue 6onee 8bICOKUe IKON02UYECKUe noxasameny. DMo NO3GOIUM YACMUYHO OMKAZAMBCSA OM HePMAHLIX
UCIMOYHUKOS U 8 3HAYUMENbHOU CMeneHu CHU3UMb 8blOpochl 8 OKpyxcarowyio cpedy. B pabome npusedenvi
3HAYeHUA KANUMAIbHbIX U ONEPAYUOHHBIX 3ampam npou3sg00cmea CUHMEMUIecKko20 MOMOpHO20 MONAUEA U3 Vil
nymem naponiasmMennou 2asuuxayuu u oCywjecmsner CpASHUMENbHbll aHalu3 3ampam paspadamvieaemoll ¢
CYWecmeyouWuMy  MEeXHOI0SUAMU  NPOU3BOOCMEA  CUHMEMUYECKO20 MOMOPHO2O — MONIUBA. Pesyrvmamut
NPOBEOEHHBIX PACHENO8 NO3GONUU NOTYUUMb 3AGUCUMOCTIU CTIOUMOCIb Hedmu, NpueeOeHHol K HehmaHOMY
IKGUBALEHNLY, OM CMouMocmu yeaepoodcoodepoicaujeli cpedvl. Ilokazano, 4mo MexHOI02Us ALIOMEPMUYECKOlU
NApONAA3MEHHOU  2a3uuKrayuu  yenepoocooepicaumux cped KOHKYPEHMOCNHOCOOHA HA COBPEMEHHOM DbIHKe
NPOU300CMEA CUHMEMUYECKUX MOMOPHBIX TMONIUE CPeOU e20 NPou3sooumenell nepedosbix MUpO8biX KOMRAHUL U C
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