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Abstract. Operating processes of open-type sorption heat accumulator in heating systems were studied. The al-
gorithm for calculation of its performance is developed. It includes computation of mass transfer cofficient, sorp-
tion, 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 com-
posite sorbent is obtained from tetraethoxysilane, Na»SOa, 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 con-
ditions 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 effi-
ciency 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 heat-
ing systems on basis of solid fuel boiler, gas boiler and electric boiler is stated when open-type sorptive heat stor-
age 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. Jlocniodiceno npoyecu eKcniyamayii copoyitino2o aKkymyaisamopa meniogoi enepeii 8i0Kpumoco mu-
ny 6 cucmemax menionoCmMaiants. 3anponoHo8aHo ancopumm po3paxyHKy 1Uo20 eKCHIYamayitiHux xapakxmepuc-
muK: obuucnenHs Koegiyicuma maconepeoaui, 8eIudUHU copoOYii, KOPUCHOI meniomu copoyii, 6UHAYEHH UMPAM
Mmeniomu Ha npoyec, AKi 8KI0OYAOMb UMPAMU Meniomu 01 HASpigy adcopOeHmy, KOPRycy YCmaHOBKU, 800U 6
baxy, sunaposyeanHs 600u 6 6aKy, HaspiearHs copO08aHOl 600U i Oecopbyiro, a maKoic obuuUcieHHs KoeQiyienma
KopucHoi 0ii. [locniooceni excniyamayiiini XapakmepucmuKky menioaKyMymony020 NPUCmpo 6i0Kpumoz0 muny
Ha OCHOBI KOMNO3UMHO20 COpPOEeHmy «Cunikazenb — HAmpiil cyavgamy. Bnius weudkocmi naponogimpsnozo nomo-
Ky Ha koe@iyienm KOpucHoi Oii paxo8ano 3a 0onomozoi Koeiyicuma, pigHoco eenuuuri aocopoyii. I[loxkaszano
MOHOMOHHE 3DOCMAHHA KOeiyicnma KopucHoi Oii npu 30i1buleH s WEUOKOCMI RAPONOGIMPIHO20 HOMOKY MA 1020
sionocHoi 6ono2ocmi. Buserena npaxmuyna 8iocymuicme 3anexcnocmi koegiyicnma Kopuchoi 0ii 6i0 memnepamy-
pu peeenepayii copbenma. Busnaueni onmumanvui ymosu excniyamayii menioaxymynioni020 npUcmpoio: ueuo-
Kkicme naponosimpsanoi cymiwi 0,6 — 0,8 m/c ma ii 6ionocua onozicme 40 — 60 %, ki 0o3601410mb eKcniyamysa-
My MenioaKyMymoouutl RPUCMPIll 3 MAKCUMATbHUMU 3HAYEHHAMU Koeghiyicuma kopuchoi 0ii 53 — 57 %. Haeedeni
pe3yibmamu MOOeIbHUX Ma HaAmypHux eunpoodysans. Iliomeepoicena Kopenayis koegiyicumis kopuchnoi 0ii, ecma-
HOB/IEHUX 3a Pe3yIbMamamu PO3PAxXyHKi6 32i0HO 3aNPONOHOBAHO20 ANCOPUMMY MA OOCHIOHUM WiIAXOM. Bemarnos-
JICHO MOJICIUBICIb CKOPOUEHHS eHeP20CNONCUBAHHS MENTIOAKYMYI0I04020 npucmpoio 6 2,4 — 90 pa3zie 6 nopieHAHHI
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cucmem 06146Hmpaﬂi30661H020 menionoCcmavyanHsl Had OCHOBI m@ep()onafzueHux, ca3oeux ma eneKmpuiHux KOmIi8.
Peszynomamu 0ocniosxcenuss modxcyms Oymu UKOpUCMAHI 0151 pO3POOKU a0COPOYITIHUX AKYMYISAMOPIE 8 CUCIEeMAX
O0eyeHmpanizo8anoe0 MmenIonOCMAayanHs ma 6eHMUNAYIL, a MAKONHC COPOYIUHUX MOOYNI8 0N YMUi3ayii HU3bKO-
NOMEHYTUHUX BMOPUHHUX eHEeP2OPeCYPCIs .
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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 be-
cause 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 pro-
cess 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. Consum-
ers 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 char-
acteristics of heat storage materials. Despite the ample quantity of works concerned with synthesis of sorptive mate-
rials [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]. Nev-
ertheless, 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. Conse-
quently, developing of algorithm for calculation of optimal construction and working parameters of heat storage
device takes central stage.

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 stor-

2 5 4
@ T \ \ age device;
- identification of the key factor effect-
S '

X A ing weighing with efficiency coefficient of heat
?{ .c:(/<><><:-{>{?<:- :-{?{} Storage deVICe7
e e - determination of operating parameters
TelalalalalalatealateTel when maximal efficiency coefficients of heat
1 — TSI accumulator obtained.
- _
6 3 Experimental
Design of open-type heat storage device is
given in Fig. 1 [10].
As heat storage materials composite
1 - thermal insulated casing; 2 — heat storage sorbents “silica gel — sodium sulphate’ are used,
material; 3 — compressor; 4 — air humidifier; they being synthesized from tetraethoxysilane,
6 — resistance element Na SOy, ethanol (as a solvent), hydrochloric
Fig. 1. Test heat storage apparatus [10]. acid (as a catalyst) and polyionenes served as
organic modifiers. The structural formulas of
polyionenes are given below [4]:
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Fig. 2. Control-flow chart for calcula-
tion of efficiency factor of sorptive heat
storage device.

and for heating of sorbed water:

+I|\I—CH CH— CH+R —CH;~ CH CH%R —CH- CH CH-N-CH*@*CH%
OH

3

m=0,414

Diameters of composite sorbents granules are 0.5 — 1.5

mm.
The heat storage device is operated into two steps. On the
first step external air is fanned by compressor 3 into humidi-
fier 4 where its relative degree of humidity is increased to
60 — 80 %. Then humidified air is heated in resistance ele-
ment 5 to 30 — 40 °C because of low rates of sorption at
lower temperatures. Furthermore humidified air is directed
into heat storage material. After short-term warm-up of heat
storage material (15 min.) water sorption from air passed to
heat storage material occurs. Exothermic sorption processes
resultes in temperature increasing of both heat storage mate-
rial and air. Therewith, outlet air temperature is 90 — 115 °C.
On the second step (regeneration) heat air pumped through
sorbent layer to warm up sorbent to temperatures above
90°C up to desorption.

According to these steps, algorithm for computation of
efficiency coefficient open-type heat storage device is sug-
gested, its control-flow chart being given on Fig. 2.

Having been considered operation steps of heat storage
device, efficiency coefficient (») is calculated as %:

n= Q100 1)

where Q, is useful heat (sorption heat), kJ:
Qu :i sor -AH sor ! (2)
where Mgor is sorbent mass, kg; AH_ — sorption heat,

kJ/kg;
Q,, is heat input, kJ:

Qin = Ques +Qs'1)rb +Q"cas +Q\2 +Q:W_ +Q, (3)

whereQ,.., Q" ., Q"cas, Q", Q" , Q2 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
components is calculated by common formula:

O=M-C-At 4)

The influence of air-vapor flow rate on efficiency coef-
ficient is taken into account by coefficient A showing sorp-
tion value, kg/kg. This coefficient is used for heat costs for
desorption

Qdes =AH des i sorb A’ (5)

Qh :Msorb A N (treg env) (6)

S.W.
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where AH = 2850 kJ/kg is heat of desorption, MSorb is mass of sorbent, kg, Cw — specific heat of water,

kJ/kg K, treg and tenv. are temperatures of regeneration and environment, °C.
Sorption value is calculated by formula [11] :
A= CO -C 'Vair (7)
M sor

where Vair is air volume: Vair = Frsw - 7, m®; Fis is cross-section area of heat storage device, m?, w is air-vapor
flow rate, m/s, = is sorption time, s, Co and C are inlet and outlet concentration of air-vapor flow, kg/m® [11]:
C= G

(PN

Anax , (8)
e " +1
where H is heat storage device height, m, Amax is sorption capacity of sorbent, kg/kg; g —mass transfer coeffi-
cient, s, calculated by [12]:

des

1+ 1,1 .1 ©
g B, By Pes
where By, B and fcs 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 n 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, % n, % n, 7o
’ 60 60,
50+
50 50+
40
40 40+
301 A o. 304 30 A 0
Regeneration temperature, C Regeneration temperature, °c Regeneration temperature, C
20 —=—90 204 —=—90 204 —=—90
——100 —e— 100 —e— 100
10+ B 104 ——110 101 ——110
o 02 o4 o5 o8 00 o0z oa o6 g ©° ' ' '
, , , ; , ; : ; , / 0,0 0.2 0,4 0,6
w, m/s w, w3 w, m/s
6
a B

a—40%,b—50 %, ¢ - 60 %.
Fig 3. Efficiency coefficient-vs-air flow rate. Relative humidity degree.

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 heat-
er, 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 en-
ergy, indoor temperature being kept within limits from 20 °C to 22 °C during night hours up to next morning. Aver-
age 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.
Hotter temperature when charged is corresponded with composite sorbent regeneration temperature. When compo-
site regenerated during day hours, heat for its warming and regeneration carried by solar collector, in night hours
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this being carried by resistance element. Efficiency factors calculated

100 2 1 with ratio of two peaks ratio are almost 32 % for both operating modes,
&~ L it being correlated with calculated values 33 % for the same conditions.
¢ 804 To ascertain advisability of sorptive heat storage device for space
E heating energy consumption of solid fuel combustion boiler, gas-fired
g 60+ combustion boiler and electric boiler were compared when heat demand
£ equaled to 339.5 MJ per day for floor area 100 m2.

é 401 Indexes min and max correspond to energy consumption at solar
20 v and cloudy weather respectively. Results are given in the Table.

0 % 4 6 & 101214 16 18 20 22 24 When open-type sorptive heat accumulator applied, energy con-
sumption in heat supply system was decreased in minimum of 3.5
. times versus gas-fired combustion boiler. As compared to solid fuel
Fig. 4. Averaged temperature ., tion hoiler and electric boiler, energy consumption was

sorbent curves when heat storage device .
started in the morning (1) and in the reduceq no Ies§ than 2.9 and 2.4 times. When heat fo'r sorbent re-
evening (2). generation carried by solar collector, energy consumption was less-
ened about 90, 76 and 61 times versus gas-fired combustion boiler,

solid fuel combustion boiler and electric boiler, respectively.

Time of a day

Table 1 — Energy consumption when sorptive open-type heat energystorage device used for space
warming (floor area is 100 m?)

Solid fuel
combus- Gas-fired com- Electric
Heat source tion boiler bustion boiler boiler ':%i;egeégy Stgr%ateegg\r/?ge_
PRO- PROSKURIV | Dnipro-mini Vicge , 9
TECHN AOGV-16 B 12kw, 380V min max
TT
Capital input, Thous. UAH 7 7 5 6 6
Energy consumption, kg of
standard fuel per day 22 26 17,69 029 [

Conclusions. Operating processes of open-type sorptive heat storage device were studied. Algorithm for calcu-
lation efficiency coefficients of this device is developed. It involves computation of mass transfer cofficient, sorp-
tion, 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 de-
centralized heat supply systems. Application perspectiveness of open-type heat storage device is shown for heat
supply systems.
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Anomauin. B Oaniti pobomi 3anpononosano Ho8ull chocio neumpanizayii KoHoencamy npooyKmie 320psHHsL
nPUpoOH02o 2asy 6e3 BUKOPUCMANHSA XIMIYHUX PeazeHmie 3 Memolo 1020 NOBMOPHO20 8UKOPUCTNAHHA OJiA NPOMUC-
JI0BUX nOmMped, a MaKodic K 600U Ol JHCUGLEHHS 80002PIUHUX KOMIIE NPOMUCIOBUX | KOMYHATLHUX KOMENbHUX.
Bucynymo cinomesy, wjo konoencam oumosux 2asié 3a c60iM CKIAOOM € 3HECOIEHOI 800010, WO HAOIUNCAEMbCS OO
OUCMUILOBAHOT 800U 3 NPUCYMHIMU 8 HbOMY OIOKCUOOM 8Y2Neyio 8 POZYUHEHOMY CMAaHi i Y 6ueniaoi cmabiibHux Ha-
HOpo3mipHux Oynvbawok (bubstones), gyzinbHoi kuciomu i 2a3080i asu y euensnoi MiKpoOYILOAUWOK, WO MICAMb
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