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Abstract: In this article newly developed heating and cooliygrid system is discussed. The system combitesapump,
heating boiler and solar air heater. Low tempegasaurce of heat pump is a gas mixture composedste warm gases, like
inside used ventilation air, flue gases of healioder (smock), as well as outside air, heatealarsair heater. The evaporator of
heat pump is installed in waste warm gases miximgnber, aiming at avoiding the main disadvantagerdihary air sourced
heat pump, in case of which the evaporator suifawvéntertime is covered with ice crust that obsteumovement of air through
the evaporator of heat pump. To solve the probleis suggested to create a mixture of waste warsegygathered in a gas
mixing chamber and serving as heat source. A meftiodalculation and design of the new system wagetbped for both
winter heating and summer cooling of a buildinge Bmergy and economic investigation based on mattieahmodel proved
rather high cost effectiveness and energy effigiemfaeveloped heating and cooling hybrid system.

Keywords: Hybrid System, Heat Pump, Heating Boiler, SolartA@ater, Gases Mixing Chamber, Winter Heating,
Summer Cooling, Cost Effectiveness, Energy Efficien

1. Introduction

The new type hybrid system consists of heatingebdileat
pump, and lately developed solar air heater. As lov
temperature heat source of the heat pump, insteadtside
air, is used a mixture of various warm waste gagathered
from different parts of a building or surroundingjects and
collected in a gas mixing chamber. The gas mixtoraprises
boiler's smock; ventilation used air evacuated frahe
building and outside air, heated in solar air healéhe
temperature of warm gases mixture is much higlhan the
temperature of wintertime outside air. In fact,ewrheating H
and COOIing system is develOped the heat pump aftwirses 1- building; 2-fan-coils of heating system; 3-heatrier distribution stands
artificially created low temperature heat sourceheT and pipes; 4-variable speed water circulation puBapieating boiler; 6-con-

simplified version of such system was publishef#ir6]. denser of heat pump; 7-throattling valve; 8- evapmrof heat pump, located
in gas mixing chamber; 9-compressor of heat pur@gds mixing chamber;
11- return pipe of used and cooled heat carriersblar air heater modules;

2. Sructure and Oper ation of Nele 13- by-pass valve; 14-exhaust fan of gas mixingnt¥er; 15-separate boiler
. . for heating of ventilation fresh air; 16-hot watsupply pipe to the

De\/el Opaj Heatlng and COOIlng ventilation air heating equipment; 17- return wapgse from ventilation
Hybr | d &/Steln equipment; 18-ventilation air heating heat exchant@, 20- valves; 21, 22,

23, 24 - bypass valves for reversing the refrigerain heat pump; 25,

The scheme of the heating and cooling hybrid sys'Eem 26-valves of separate boiler; 27, 28, 29, 30-esbf ventilation system.

represented in the Fig.1. Figure 1. Scheme of heating and cooling hybrid system



International Journal of Energy and Power Engiinge2014; 3(6): 296-307

In heating season the hybrid system operates imdgimes:
1) daytime - sunshine period of heating seasonlazidy and
nighttime period of heating season. In summertimeeslystem
can operate for summertime cooling of building too.

3. Operation of the Hybrid System in
Daytime - Sunshine Periods of Heating
Season

In mentioned period the system operates in thewatlg
way (see Fig.1): from fan-coils (2) of the housk&ating
system the used and cooled heating water at tetopetg
returns from fan-coils to the condenser (6) of ipesthp where
is partially heated up to an intermediate tempeedfi.. Then
the warmed water from condenser is forced intdothiter (5)
where is heated from intermediate temperatyireup to final
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1-gas mixing chamber; 2-heat pump’s evaporatoe&ihg boiler; 4-separate
boiler for heating ventilation fresh air; 5, 6-clmays of boilers; 7-building,
8-exhaust pipeline of ventilation used air; 9-saar heater; 10-warm air
supplying pipe from solar air heater; 11-valve; gb& mixture chamber
exhaust fan; 13-compressor of heat pump; 14-coedesfsheat pump; 15-
throttling (expansion) valve; 16-heat carrier sypm pipeline; 17- heat

temperature,,». Afterwards the hot water is supplied from thecarrier return pipeline; 18-fan-coil; 19-heat carrireturn pipeline from

boiler to fan-coils (2) where delivers heat to #ieof inside
space for covering the heating dem#&hd, kW of the house,
which can be calculated by the help of method ghbli in
[1, 2]. As a result, the temperature of the watefain-coils

drops fromt,,»to t,,1. In fact, the heating demand of the house

is shared between the boiler and heat pump. Tdgedigher
energy efficiency of the whole system the heat pwsimpuld
cover the major portion of heating demand. Theiporbf
heating demand covered by boil®f in sunshine period is
determined by the following expression:

Q = A (2)

where:
[=0.4 — rate of heating demand portion covereddating
boiler in sunshine period.
Heating demand portion covered by the heat punthes
following:
Qup = (1_ IB)th (2)

where:

(1—,8)= 0.6- portion of heating demand to be covered by

the heat pump.

To provide cost effectiveness of the whole hybyistem it
is expedient to use air to air type simple and exgiensive
heat pump. However, in winter cold climate the erapor of
air-to-air heat pump can be covered by ice crudt@an get
out of order [1]. To escape freezing it is necessarlocate
heat pump’s evaporator (8) in a warm gaseous emvient.
For this purpose, in a gas-mixing chamber (10) wearaste
gases mixture is collected. To heating outsidehfresntilation
air, a separate boiler (15) is applied. For baiteterstanding
of operation of the hybrid system, it is necesgaripllow the
construction and operation of gas mixing chamb&neoted
with other main parts of the system. The scheme
construction and operation of gas mixing chambpregents
the Fig.2.

ventilation system; 20-heat carrier supplying gipelto ventilation system;
21-heat exchanger for heating ventilation fresh air

Figure 2. Scheme of construction and operation of gas mixingmber
connected with other main parts of the system

The gas-mixing chamber is an insulated metalliarietic
box (1), on the front edge of which the heatingldys (3)
chimney outlet (5) is connected. On the upper looitial edge
of the chamber are connected building’s ventilatised air
evacuation pipeline (8), supply pipeline (10) dbsair heater
and separate boiler’s (4) chimney outlet (6). Ca lthckside
edge, an exhaust fan (12) is fixed for evacuatisgduand
cooled gas mixture. In the mixing chamber, the evaior (2)
of the heat pump is located. Evaporator dividesrtiigng
chamber in warm and cooled gases sections. Intmwases
section enter flue hot gas (smock) of boilers, eshavarm
ventilation air and outside air, warmed in solartaater (9).
In the mixing chamber, the gas mixture acquiresotal t
thermal potentialQ,,, kW consisted of thermal potentials of
separate gases. The thermal potential of each mahei
mixture Qgaspor KW is determined by the following
production:
ans pot = Ggasi |:q;gasi [ﬂgasi (3)
where:

Ggas.i— Mass of each kind of gases, kg/s,

Cqas.i— specific heat of each kind of gases, kJkg

tysi- temperature of each kind of gas¥s,

The total thermal potential of gas mixtur®,,,, KW in gas
mixing chamber is the following production:

ZQmix = Gmix [q:mix |:ﬂmixl (4)

where:

Gix— total mass of all kinds of gases in the mixihgrober,

/s,

Cix— average specific heat of gases, Kikg

tmix1— temperature, acquired by the mixture of ga¥es,

Formula (4) allows finding the acquired initial tperature
of gas mixturd,;, 1 by the following ratio:
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Qi Oeond2-25 kg/lkg — mass of water vapor or condensate,
tixa :W (5) exuded from flue gas which is produced from burréhgne
mix = mix kg of natural gas [8].

. Mass of whole ventilation at®,, kg/s, completely extracted
To determine the value df,x1should be found values of - . Vi .
G and = Quyy of the gas mixture. For this purpose, first throm the building and introduced into the gas mixahamber

values of massdSy,s kg/s and thermal potential@,q, kW of 's determined by the following equation:
separate gases must be determined. G, = abn200Cp,,
_ _ 9 360C

4. Determination of Masses of Waste Mass of outside aiG.. ka/s heated Up t red
. " ass of outside aiG,,, kg/s heated up to a require

Warm Gases Collected in Gas Mixi ng temperaturdy, in solar air heater is determined if necessary.

Chamber So, total mass of warm gases in the gas mixing bleam
Gmix ka/s makes the following sum:
Mass of flue gas (smocK3sm kg/s produced by heating and

8)

separate boilers depend on portion of heating ddman G. =12p A, +Q N abn20(p,, +
covered by the heating boile€X, = £Q,4 ) and also by heat ™ o 36007ngas 9 3600

Qv produced by separate boiler for heating whole tityaof /., +Q, 9)
ventilation fresh air, for replacing completely mexdted used + =M= 5 gt Cu

ventilation air from the building. Therefore the $aaf smock 36007ngas ’

Gsm kg/s entering into gas mixing chamber should be

determined by the following equation which takedoin . . .
account that burning of 1hwf natural gas produces 12of 5. Determination of Thermal Potentials of

flue gas [8]: Gasesin the Gas Mixing Chamber
G =12 Qg +Q, Each of gases entering in gas mixing chamber Baswh
sm P Sm36007ngaS 62)  thermal potentialQ,,, kW that can be evaluated by the
following production:
where: the quantity of he&y , kW, produced by separate —GC
boiler for heating of ventilation fresh air from teide ont - t (10)
temperaturd,; to inside air temperatuitg, is determined by . _
the following formula: Accordingly: .
1) Thermal potentiaQy ,or KW of flue gases (smock),
albm2o..C.. (t -t delivered from heating and separate boilers isrodeteed by
Q= g?[;%o?r (i ~tou) (6b)  the following equation:
+Q,/)C
where: _ Qsmpot =1205m (ﬂdiGO Q )C ok (11)
osm- density of flue gas (smock), kgim O7pQgas

1y, — COP of boilers, here:
- ifi lorifi ity of burni f natugas, W ' -
kV\(/gﬁerrF specific calorific capacity of burning of natlugas C..._ specific heat of flue gas, kIAG,
a, b andn — length, width and number of stories of building,_tsm — temperature of flue gases of boilers, deterchiny
(for one storey building=1), the following formula [8]:
9 n¥/pers. — surface of building specified for one
Occupanﬂ o g sp t.. =(0.9707-7,)/0.00045
20 n¥/h per person—normative hourly volume of ventilatio where:
air intended for each occupant [9], 17,:=0.85 — COP of boilers.

pai=1.25kg/ni - average density of air, Thermal potentiaQ,, pon KW 0f water vapor or condensate

C,ir = 1.005 kJ/kgC — specific heat of air. .
Mass of water vapadB,,, kg/s condensed and exuded fromeXUded from flue gas can be evaluated by the fafigw

boilers’ flue gases in the gas mixing chamber tegeined by equation:
the following equation: (,Bth Y )pg .

Qlat.pot = Ggasgcond Qat =
— (Ithd + QV )pg Yeond 36007ng&13

=G = - =—re=
Glat gasgcond 36007b o (7)

12)

(13)

where:
0a=2466.2 kJ/kg — latent heat of 1kg of water vapor.
Thermal potential of ventilation ai@Q,,, kKW extracted
from the building and introduced into gas mixinguwtber is

where:
Ggas- Mass of natural gas burnt in boilers, kg/s,
ol =0,717kg/m — average density of natural gas,
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determined by the following equation: Q,=2 royd (15)
QV pot = Gair Cairtin = aanO[pairCair tin (14) where:
' 91360( Qocye — required cooling capacity, determined by the

thermodynamic cycle of heat pump, kW.

Wheie: ' ) ) . For determining the quantity of heat (cooling calagc
,=18+20C — temperature of internal air of building in reqyired for complete evaporation of liquid refriget in the
winter time. evaporator of heat pump, its thermodynamic cyck thabe

plotted on thé-logP diagram of refrigerant (for instance R-22)
[5] which, is shown in Fig.3.

For complete evaporation of liquid refrigerant ihet
evaporator of heat pump, the following thermal haé&amust
be established in the gas-mixing chamber:
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“1-2"- compression process Bf22 gas in the compressor, “Js4- compression real process®f22 gas in the compressor, “2-3"- process of cosdgon of
compressed gas in condenser of heat pump, “3-dtgss of liquid flow expansion (throttling), “4-13¥ocess of evaporation of liquid refrigerant imperator,
i1, io, 2 ean i3, ia —enthalpies of link points of heat pump cycle.

Figure 3. Thermodynamic cycle of heat pump on the diagradotjP”of refrigerant “R-22"

The cycle is plotted in the range of evaporationgerature cycle is:
to=1°C and acceptable condensation temperagys= 50°C.
By the help of the cycle mane characteristics aft paimp,
like condensation hedd.,, kW, quantity of required heat
Qo.cyes KW, capacity of the compress®\; kW and the real where: - _
value of transformation rate of the heat pymware determined.  %o=17l4 =142.2 kJ/kg - specific heat of evaporation of 1kg
For mentioned purposes, first the required flove @fg ez of liquid refrigerant, taken from the heat pumpleyc
kg/s of R-22 in the cycle should be determined, using the Quantity of condensation he@tons KW is determined as
following formula: follows:

Qocyet = Gagreal i1 —i4) = 0.02470422 = 351kW  (17)

G | - (1_/3)th (16) Qcond = C;ag.real (|2.real - |3) = 00247&97: 487 kW (18)
ag.real - o
(|2-real I3 Capacity of the compressdpcan KW of heat pump is

Taking into account that the heating demand of fami determined by the formula as follows:

house makesQ,+~8.12 kW, calculated by the method N =G i -i,)=0.024706492= 1357K\W (19
represented in [1, 2] and condensation heat of dkgas HPreal ag'real(z'real l) (19)

refrigerant makesi{,riz)=197 kJ/kg (taken from heat pump here:
cycle) the required flow rate of refrigerant R-2akas: i, - 1,=54.92 k/kg — work for compression of 1kg of gas
06812 refrigerant, taken from heat pump’s cycle:

——~=0.0247kgls. Real value of transformation rate of the heat pypag is

Ga real
gred 197 determined by the following ratio:

Quantity of heat (coldR o, KW required by heat pump
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Q.o 4.872 heat to the liquid refrigerant for its complete poetion. To

Hica :N— :F57 =359 (20) checking availability of mentioned condition, theasg

HPreal ) mixture’s total heat potential should be revealEdr this

purpose by the help of a mathematical model conmpbased

on obtained above formulas, computer aided caicnstvere

accomplished for determining masses of waste waases)

a?nd their heat potentials in the mixing chambee Tigsults of
hcalculations are given in the table 1.

In the above formulas quantiti®s iy q, i3, is, kJ/Kg are
enthalpies of link points of the heat pump cycle.

So, the investigation of the heat pump cycle shinastotal
heat potentia, kW of the prepared gas mixture should be
leastQ, .,o= 3.51 KW (see formula 17) for transferring enoug

Table 1. Characteristics of waste warm gases in mixing chermb

Smock Ventilation inside air Water vapor con- Warm air from solar thal valuesin gas
densate heater mixture
Masses, kg/s 0.002 0.107 0.0004 0.0 0.1094: 0.11
Aver. specific heat, kJ/RG 1.11 1.005 - 1.1
Temperature,’€C 268 18 268 29.35
Heat Potential, kW 0.59 1.946 1.014 0.0 30,0 3.55

From the table.1 can be seen that total heat paterfitgas chamber and completing the required mass of théunaix
mixture in examined case mak&®,,=3.55 kW. By the help For preparing and supplying\G,,i miss=0.016kg/s of
of the exhaust fan of mixing chamber the warm gagdure  warmed air, lately developed “Shell and tub typkswater
passes through the evaporator and transf€s W quantity heater” [3] is chosen, which is able to performsafar air
of heat to liquid refrigerant. As a result the gaigture can be heater too. Assuming that the missed quantity sfrgiacture
cooled from initial temperaturg,,;=29.35°C up to a final mass AGxmiss=0.016 kg/s is distributed by 10 parallel
temperature t;» To avoiding freezing of surface of installed units of solar air heater, the quantftgioflow rate in
evaporator the limit temperature of gas mixturehia cold each unit will makeg,;=Gnixmis{10 = 0.0016 kg/s. To
section of gas mixture chamber should be keptemitg, = determining the total length,, m of the solar air heater, the
4°C. Therefore, the quantity of heat that is transf@rtto the following equation was derived:
liquid refrigerant in the evaporator makes:

2’A‘ga\irca\ir (tair.fin - tout)

QO B Gmix [Cmix (tmiXAl _tmiXAZ) B (21) = 996’7 ml]:Iexl.met.uhi + ﬂ(tout _tair.fin) (23)
=0,111.1(29.35-4) = 3.06 TkW
where:
where: A=13.77mMC/W resistance to heat lost from cylindrical
tmix =29.3%C — initial temperature of gas mixture in thesolar air heater,
warm section of mixing chamber (see tab.1), Oair = 0.0016 kg/s — quantity of air flowing through bamit
tmix 2= 4°C— selected limit temperature of gas mixture in thef solar heater with lengtl,
cold section of gas mixing chamber, C,ir = 1005 J/kEC — specific heat of air,

Crix=1.1 kd/kgC — average specific heat of gas mixture.  tain=30°C —required final temperature of air at the outfet
Quantity of heaQ,=3.067 kW should have been equal tosolar air heater, _ ' ' '
the real cooling capacitf, .,.=3.51kW, required by heat o = -19°C — outside air temperature (for instance in

pump cycle. However, it is lessAQ,=3.51-3.067=0.443 kW. Yerevan, Armenia), . _ _

For normal performance of heat pump the condi@grQy ¢y extmetwir0-021 m — external diameter of air heating metal
must be provided. The revealed inequality is resulty non- tub of cylindrical solar air heater. o o
conformity of gas mixture’s real maGs,, collected in mixing ~ Substitution above data for values given in (23) eltain

chamber, andequired by the heat pump cycle total mas$he lengthds,= 16.15m of each of 10 parallel solar heaters.
Guixreq The required total mass,, q kg/s of gas mixture The solar air heater is made in form of moduleshBaodule

should be determined by the following equation: consists of I,;;=1.2m long, parallel installed 10 units.
Therefore, the total length of all 10 units in adule makes
Qo.cycl B 3.51 12m. Through each unit flows outside air with iliti

Grmixreq = Coltmint —tmio)  1.10{29.35-4) = 012&g/s(22)  temperature,,=-19C and is supplied to gas mixing chamber
mbTmixL - tmix2 ] ' with final temperature,;, ;,=30°C. The modules of solar units
While in reality the mass of gas mixture makes onh'® connected each to other in series as was shfig. 1.
0.11kg/s as table 1 shows that. So, the missing magas 1he following ratio defines the number of modules, .
mixture in the mixing chamber makesAG, .= Cconnected in series:
0.126-0.11=0.016 kg/s. One of the easiest waytoptete | 1615
the required masGnxeq kg/s of gas mixture is the Ngp = sol or Ngy, =—— =14modules  (24)
application of a solar air heater for heating alésair in lunit 12
quantity ofAGixmiss= 0.016 kg/s from temperatutg, up to
temperaturet,; s, =30°C for supplying it to the gas mixing q

The other main equipment’s characteristics to be
etermined for daytime sunshine period of the hgageason,
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when B=04 are thermal power of the heating@, Operation and Calculation of Hybrid
boiler-Q, = AQ,, or Q,=0.48.12= 3.25 kW; temperatutg » System in Cloudy Daytime or

) ) to- _ﬂ[ . . . .

f heat ter at th tlet of the boilky ., = -t wl Nighttime Period of Heating Season

of heating water at the outlet of the boilty; s g | o .g .
45— 04030 In cloudy daytime or nighttime period of heatingasen

or typ=—7— =55°C; thermal power of the heat because of absence of solar radiation the soldreaiter does
il 0.45 - . : .

not participate at formation of gas mixture. lclear that in

pump: Qup = (1—,3)th or Qup = 060B11=488 kW; thjs regime the thermal potential of gas mixturgas mixing
number of modules of solar air heater, connecteskites is chamber will be significantly less than in sunshjpperiod

14.0; flow rate of heating watd,, kg/s circulating in the regime. To avoiding mentioned disadvantage the nite

whole hybrid system is determined: heating demand portion on the boiler is increasech ,=0.4
up tof=0.6. Increasing of from 0.4 to 0.6 brings to grow of
_ Qu _ 812  _ required temperature of heating water u,te67.5C. In this
G, =—F""— =——F——~=0. ; . ; 2= .
Y ety ~tr) orG, 418(55-30) 0077Tkgls (25) case the rate of circulation of heating water irolehhybrid

system becomeS,=0.052kg/s. Thermal power of the boiler
Based on listed above characteristics the hybradesys changes t®,=4.87kW and power of the heat pump becomes
design can be accomplished. Qupr=3.25kW. The characteristics of waste warm gases in
mixing chamber in case ¢£0.6 are represented in the table 2.

Table 2. Characteristics of waste warm gases in mixing dbemin case 0f=0.6.

Smock Ventilation inside air Water vapor condensate UL MC AT ERE e I IS

heater mixture
Masses, kg/s 0.0024 0.107 0.0005 0.0 0.1104
Aver. specific heat, kJ/RG  1.11 1.005 - 1.1
Temperature,’€ 268 18 268 32.2
Heat Potential, kW 0.724 1.946 1.24 0.0 2Qpet=3.91

Because of increasing of total heat potential &f géxture  cools it. Because of absorption of heat, the wiat&n-coils is
compared to the regime wiftr0.4, in case 0f=0.6 regime warmed up to a temperatutg..r. which can be determined
the quantity of heat which is transferred to thwuilil refri- by the following formula:
gerant in the evaporator located in gas mixing dham
becomes higher: t

Q, =0.110491.1[{32.2-4) = 342 kw

ch
+
cw G.C

wW=w

=t

wret. f-c

(26)

where:
The further calculation of the system should be t,...— temperature of return water from fan-coils to
accomplished by the method similarly to former $ums evaporator of heat pumfg,
period regime. Calculation showed thatf#0.6 regime the  t. = 10°C- temperature of cold water supplied from
complete heating of the building without additiomelp of  evaporator into fan-coils,
solar air heater is possible and the system caforper Q. - cooling demand of examined building determingd b
sufficiently. Therefore, the system needs automatiothe method published in [7], makes 6.54 kW.
equipment for switching on the valve of air ducheecting G,,— cooling water flow rate, circulating in coolingssem
solar air heater with gas mixing chamber in suresiperiod. of building, kg/s,
In cloudy or nighttime period the automation equémmn C,~ 4.18 — specific heat of water, kJ7&gy
switches the solar heater valve off. To provide an acceptable temperature of the coaliatgr
at the outlet of fan-coils the water flow radg by the help of
: : : variable speed pump must be increased from winterti
7. Operation and Calculation of Hybrid ¢ * _; 57 0777 kg/s up 16, ., =0.15 kgs. In this case,

System in Summertime Cooling Season  the temperature of warmed in fan-coils return watekes:

In summertime cooling season the system operates fo ¢ —10+ 654
cooling the building. For this purpose, the heahpwoperates wret f-c 0.1502.18
in reveres mode and becomes a refrigerator. Inelgisne, the
heating boiler and solar air heater switched aftolgas ~ The cooling power of heat pump is equal to the iogol
mixing chamber enters only outside air for cooliupdenser demand of the building. Inside air at the tempeeatu

(wintertime evaporator) of heat pump which preparek tin.sun=25°C enters into fan coil_s, where transfers excessive
water and supplies into fan — coils of the buildifige cold heat to the cooling water, supplied from the evafmrof heat
water in fan-coils absorbs excessive heat of insjtice and PUMP- Warmed water returns from fan-coils to thaperator

=10+104=204 °C.
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of heat pump where is cooled frot,..=20.4C to the The total capital coK, $ is a function of constructive and
temperaturd, ,,=10°C. Afterwards cooled water is supplied energy characteristics of main equipment. For tHgbtid”
back to fan-coils. Therefore, the cooling powertlid heat system total capital coiK, $ is determined by the following

pump can be determined as follows: sum:
Qup = Gwcw(twret.f—c _tcw) or Ky +Ksep * Khexy +Kpp + Kcond(evad + 14
_ _10)= = 4(29)
QHF’ - 0'15[]4'18(20'4 10) = 653kw + Ksol.heat+ Kmix.chamb+ K fan-coil T Kautsyst

In fan-coils the cooling water absorbs heat froside air at ere:
—_ 0, H "
comfortable temperatutg ¢,,=25°C, cools it to temperature K, — cost of heating boiler, $,

taicsup. =18 °C and blows it_ back_to inside space for keeping Ksep.o— COst Of separate heating boiler, installed fating
temperature, s,,=25°C. Circulation of cooling water takes ventilation fresh air to replace exhaust air fréwa building, $,

place b_y th_e he_lp of the same variable speed puvhich Kuex v— cost of ventilation fresh air heating heat exde,
serves in wintertime too.

In summer time outside air enters into gas mixingnaber K,» — cost of heat pump, $,
Egntjheensheerlp ggneé(:r?su;oﬁmtg;;gﬁafuﬁgmg?r tﬁgd rcdmser _K:;d,(evap)—_ cost of F\)/vintgr condenser for intermediate wor-
o . ! ey ming of heating water (summer evaporator), $,
toond sum IS selectgd in 5 to YC. higher, than the condenser Keounea— COSt OF air solar heater, $
cooling summertime outside air temperatigfe, m K::x ;"’;mb_ cost of gas mixing cha{mt’)er, $)
Kfan_'co” — total cost of fan-coils installed in the builgir$,

8. Ener ay Efficiency and Cost Kaut.sys— cOSt of automatic ConFroI system, $, _
Effectiveness of Heating and Cooling f 1.4-system assembling, testing and extra expemgitur
actor.

Hybrid System The costs of listed equipment are determined belmw
o . cloudy and nighttimgs=0.6 regime
To reveal energy efficiency and cost effectivenesshe Cost of heating boiler, K $ is determined by its thermal

“Hybrid” system, it is necessary to develop itsiojation power 3Qy,4by the following production:
mathematical model. The mathematical model reptetbe

set of totality of all equations forming the metkotbr K, =C, I3, (30a)
determination of design, constructive, energy acohemic

parameters of the “Hybrid” system, which are inéddnto  where:

the economical functional of the system. The ecdoam  C, =80 $/kW — specific cost of boiler.

functional is the criteria of energy efficiency armbst Then the cost of boiler in case 0.6 makes:
effectiveness of the system. For determining thkievaf

economical functionall, $/nfyear, the following ratio is Kp =800060812= $390
used:

Cost of separate boiler,l, , $ is determined by its thermal

T = powerQse,, KW as follows:
=

(n|—

(27)
Ksepb = Cstep.b,
where:

T- annual total expenditures for assembling andaijpey  Where:

of “Hybrid” system, $/year,
y 4 4 _ abnmomaircair (tin _tout)

S— surface of floor of served house’. m Qsepp = =40 kW (30b)
The required value of annual total expenditafes/year for 9360(
running of “Hybrid” system is determined by theldoling and
formula:
sK K sepp = 80$/KW [ 4.0kW = $320
=——+2U (28)
Y Cost of ventilation fresh air heat exchanger cotetdo
separate heating boiler v, $ is the following production:
where:
> K —total capital cost of the system, $, Kuex v= Cue Frexv

>'U — total annual operational cost of the systeme&yy

Y—capital investments payback period, which is setéc
equal to the life cycle duration of the system ay ather
period in case of which the cost of heating andliogory,
$/mPyear becomes affordable for consumers and acceptal
for investors.

where:
Ce = 20%/nt— specific cost of water to air heat exchanger,
Fuexv - heat exchange surface of “water to air” typethea
@xchanger, which is determined by the followingarat
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Q Cevap.condy  20$/nf —  specific cost of 1f of
Fhexv :m (31) ‘“refrigerant—air” type winter evaporator.
HE The cost of mentioned heat exchanger makes:

where:

Qv = 4kW - quantity of heat for heating the ventitatifresh
air from outside temperature,,=19C to the inside
temperature,,= +18°C,

kue = 35 W/Nf°C — heat transfer coefficient of water to air Kyp=(988 +640)=$1628.
type heat exchanger,

At — mean logarithmic temperature difference in counte Cost of winter condenser (summer evaporator) for
flow heat exchanger, which is determined by théofeing intermediate worming of heating water,..K evapy $ is

Kevap(cond) = 208/m’ (32m? = $40.

So the total cost of heat pump makes:

equation: determined by the following production:
At = (tW sup tin )_ (tW.ret B tair.out) K cond.(evap) =C cond.(evap) Fcond(evap) ’ (34)
In twsup ~tin h
where:
(t"”et ta"-"”‘) Feond (evap)= 2.4Mf—summer time required surface of “refri-

gerant—water” type condenser ,
Ceond (evag740$/nf—  specific  cost of 1k  of
refrigerant—water” type heat exchanger, whit haansfer

Substitution of quantities in the equation for theal
values gives the following value of mean tempemtur,
_(70-18)-((15-19))

difference: = (70-1g) _424"0, in case of which Coefficient 0'35k.V.V/'?PC' .
(15-19) In these conditions, the cost of winter condenssummer
4 evaporator makes:
heat exchange surface makBgexy = = 2775m°.
0034m24 Kcond.(evap = 4%/m2 E4m2 = $96 .

Taking into account that specific cost of wateraio heat

exchanger i€, = 20$/n%, the cost of heat exchanger makes: Cost of air solar heater, ¥ ... $ is determined by the

KHEX.V: 20$/I‘T‘F xX2,775 rﬁ:$ 56 fOllOWII’lg formula:
Cost of heat pump, & $ is the sum of costs of the K someat = CunitMunic (36)
compressor, condenser, evaporator and other ayxilia
equipment: where:
Cuni=$3.5-cost of each unit of solar heater with length
KHP=(Kcomp + K evap.(cond)) (32) 1.2m.

) ) i N, — total number of solar heater units determined by
Cost of compressor,, $ depends on its cooling capacity gjiding of total lengthl, of solar air heater, (see equation

and is defined by the following production: (23)) by the length of each unite 1.2m. Calculagbows that
_ ls,=10x16.1m andh ;= ls/1.2 =134. So, the cost of solar air
Kcomp - Ccomp |:(gcc:)mp (33) ﬁgater is: unitso
where: Ksol.hea=3-5$/unitx134units=$469
Ceomp - Specific cost of compressor assumed in average
Ceomp= 130 $/KW. Cost of gas mixing chamber, K. .m» $ is determined by

Qeomp - cooling power of compressor (heat pump) irthe following production:
summer cooling regime including heat pump’s cooliogd K : Y
6.5kW for covering building’s cooling demand andkw for mix. chamb= Crnix chamt/ mix.chamb

summertime cooling of ventilation fresh air. Thest®@f |y here the volume of mixing chambér,, cnams M depends on
selected compressor makes: the surface eyap. congy M and heighigg,,, M of the evaporator.
_ _ According above calculations the heat exchangeaserfs

K comp = 1308/KW [ﬂ6'5+ 1'1)kW =988, Fevap.(condr321TT that occupies about 3.2 morizontal surface,
and the heighig,, is assumeds,,-0.25m. Therefore, the
volume of the mixing chamber can be accepted about
3.2nf[0.25m=0.8mM The specific cost of 1fof mixing
chamber including the cost of exhaust fan, hermsgiling
(35) and insulation is assume&Z},y chamz=90%$/nt.

So the total cost of mixing chamber makes

where: _ _
. . . Kmi 0,8Mx90%$/M=$72.
Fevap.condF 32NMf—summer time required surface of “refri- mix.chambr

gerant—air” type evaporator , Total cost of fan-coils installed in the buildit,.con $ is

Cost of winter evaporator (summer condenser), liestan
gas mixing chamber, J6,conap iS determined by the
following production:

Kevap(cond) = Cevap(cond) I:evap(cond)
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determined by the following production:

K fan—coil ~ Cfan—coil I:fan—coil (36)
where:

Fran-coi=6,7NT — total heating surface of fan-coils,

Cian-coi=40$/nt- specific cost of 1/Mof heating surface of
fan-coil.

So the total cost of fan-coils makes

K tan-coi = 408/m? [7m? = £268

Cost of automatic control simple systemK« 95,
operating for switching on and off at different &mof the day
the mixing chamber’s fan is assumeg, 5,=200$.

So, the approximate total capital co3t, $ of the hybrid
heating and cooling system is determined by thividhg
sum:

$B90+ 820+ $H6+
2K =| +$1628+ 96+ $69+ (1.4 =$34991.4 =$4899
+ $72+ $£68+ £00

Total annual operational co&iU, $/year of the hybrid
system is formed from following annual costs:

SU=U_ +U +U

el.HP.wint eI.HPsumm+ U rep + U el.fanyear (37)

where:

Ugas — cost of annual consumption of gas by water hgati

boilers, $/seas.,

Heating and Cooling Hybrid 8ys and Method for Its Calculation and Design

BiayQua +
Vgasday :( 2oy e QV) |'T\3/h, or
Ongas
04(812+4
Vgasday = W = 0917 m3/h (39)

Quantity of gas consumed at nighttime period oftihga
season whefi;,,~0.6 is determined by the following equation:

(ﬂ thhd +Q\/)
V aani == —r mfh, or
’ o ”ngas
(oemi2ed) b g
gasnig 0.85[9.3

Seasonal total consumption of 94ss seas me/seas by both
boilers can be determined by the equation as fallow

Vgasseas =m Irseasl_vgasday |:Zseasday +Vgasnight |:Zseamight] (41)

Substitution for values of equation (41) above ditias
and accomplishing calculations will obtain the daling
seasonal total gas consumptiofys; se.Py both boilers:

Vgasseas= 05091701260+ 112[2240 =

m’/seas
= 05(11554 + 2509 =1832

The total seasonal cost of consumed gas is thawilh:
Uga=1832ni/seas x 0,335$/fw614 $/seas.

Cost of electricity consumed by the heat pump dyrin

Ui ipwini— COSt of electricity consumed by the heat pump jwinter heating season, lp, $/seas. is determined by the

winter heating season, $/seas.,

Ughpsumm— COSt of electricity consumed by the heat pump

in summer cooling season, $/seas.,
Uep — annual cost of current repair of the systemed&ry

exhaust fan of mixing chamber, $/year.
Total cost of gas consumption by the boilétg,, $/seas. is
determined by the following sum:

U gas = Cgasm Irseas(vgasdayzseasday +Vgasnightzseasnigh) (38)

where:
Cyas=0,335 $/m tariff of natural gas in given area,

M, <ea=0.5— averaging factor of variable heating demanfds

the house during heating season.

Zseas.day duration of daytime or sunshine period of hegtin

season, forf;,,= 0.4) makes 1260 h

following production:

U elHP — CeI N HP.wint.seas (42)

L where:
Ueianyear — @nnual cost of electricity consumed by the

C,, —tariff of electricity in given area, assumed 0%38Wh,
Nupwintseas— Winter seasonal consumption of electricity by
the heat pump, kWh.

Winter seasonal consumption of electricity by theath
pump is determined by the sum of nightting~=0.6) and
daytime (3,~0.4) periods by the help of the following
formula:

N HP.wint.seas —

- th Mps ((1_ ﬁnight )Zseamight + (1_ ﬁday)zseasday)
Hreal

(43)

Zseas night— total duration of nighttime and cloudy daytimewhere heat pump transformation coefficigqt, according to

periods of heating season f@,(,.= 0.6) makes 2240 h.

formula (20) equals to 3.59.

Vgas.day— quantity of gas, consumed at daytime sunshine Therefore, winter seasonal consumption of elecgriby

period, wher=0.4,

period of heating season, whg+0.6.

Quantity of gas consumed at daytime sunshine pesfod

heating season is determined by the following éqnat

the heat pump makes:
Vgas.night— quantity of gas consumed at nighttime and cloudy

_ 8120051~ 06)2240+(1- 04)1260) _
359

N HP.wint.seas

= 6707'12= 1868&Wh/seas
3.59
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The summertime consumption of electricity by theathe
pump working as a refrigerator for cooling the dirg and
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cooling demand.4, kW for hybrid and ordinary systems are
the same. Capital cost of ordinary system is tHviing

ventilation fresh aiMg ¢ooling.summ KW/Seas is determined by sum:

the formula as follows:

— (ch + Qvent.sumn)z (seaJn cseas

el.cooling.summ ™ c

N (44)

where:

ZKord = (Kb + Ksepb + KHE><.\/ + KAC + Kfan—coil + Kautsyst)[l'4

where Kb =800812= %50 Ksep_bz $320;Knex v= $56;
Kac= 400 $/KW x (6.54 + 1.1) kW = $ 3096 fan-coil = £268

Q.4 = 6.54 kW- design value of cooling demand of théautsys=$200.

house [7], kW,

Quentsumm1.1kW- cooling demand for cooling ventilation
fresh air, in summer season, when temperature relifte
between outside and inside air temperatures
(tourtin)=35°C-25°C=10°C.

Z. sea51500h — duration of summer cooling season,

M, sea50.5— averaging factor of variable cooling demawfds
the house during cooling season.

£=2.9 — COP or efficiency of the heat pump, opatatn
refrigerating mode.

Substitution above values for formula (44) the doling
summertime seasonal consumption of electricity Hey heat
pump is obtained:

_(654+1.1)11500005

Nel.cooling.summ_ 29

=1976kWh

So, total annual consumption of electricity by @@t pump
makesNyp .nn=1868+1976=3844 kWh

Annual cost of consumed electricity by the heat pluy e,
$lyear is:

U np = 008$/kWh[B844&Wh = 308%/year

Annual cost of current repair of the system,Ub/year is
determined by the following formula:

Uep = 0042K = 004[4899=196 $/year (45)

Summarizing obtained data for annual operationst will
get the following results:

Annual cost of consumed gas makes — 614.6 $/ypanah
cost of consumed electricity — 308 $/year. Totahuad
operational cost igU=614.6+308+196= 1119 $/year.

Annual expenditures for running the hybrid systeakes:

_ 4899

T c +1119=196+1119=131%/year.

Respectively the cost of annual heating and coobifeyred
to 1n? of building makes:

T =1315/144 913%/m?year

For evaluating energy efficiency of developed heatnd
cooling hybrid system it is compared with ordindmgating
and cooling simple system consisted of heating eboil
ventilation outside fresh air preheating boilerhagiir heating
exchanger, fan-coils, heating water circulation pamair
conditioners for summertime cooling and simple agtion
system. The winter heating demaf;, kW and summer

The total capital cost of ordinary system makes:
is 2K g =4550014=$6370
Comparison shows that the capital cost of hybriteay in
6370 - 4899=$1471 is less. Therefore, the develdyykdid
system in 23% is more cost effective.

Annual operational cost of ordinary heating andliogo
system

Ordinary system’s gas consumption for winter heptin
makes:

B gaseasordheat —

— thm fseasZ heateas — 8'12 ms [3500
17,Quas 08509.3

=1798n°/seas

where:
Zpeatseas=3500 h — total duration of heating season.
Seasonal gas consumption in the separate D@jgken
m’seas., for preparing warm air for ventilation mses

gasoraven: = 914M°/S€aS SO, total gas consumption

for heating and ventilation in ordinary heating aswbling
system makeS By, seas ora neml 798+914=2712/seas, while
the hybrid system consumes 1834 ¥s@as of natural gas. So,
gas saving by hybrid system compared to ordinastesy
makes: 2712-1834.7=877.3fseas or 32.3%.

Electricity consumption by air conditioners of ordry
system Ngymairconda  KWh/seas for summer cooling and
ventilation is calculated by the following formula:

— (ch + QVsum) [ m cdseas [Z cseas

sumaircond ~ £

makes: B

N

(46)

where:

Qusum- cooling demand of summer time ventilation fresh
air cooling, kW,

Myseas=0.5 — summertime variable cooling demand
averaging factor,

Z.ceas— duration of summer cooling season, assumed
Z; seax1500 h.

& - energy efficiency ratio of the refrigerator ofr a

conditioner.

Substitution the values in formula (46) for givealues
gives the following seasonal electricity consumptloy air
conditioners of ordinary system for summer cooling:
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_(654+1.1)10511500

Annual expenditures on ordinary system are:
Nsumair.cond - 29

=1976kWh/seas.,

T=6370/25+1318=1573%/year
while hybrid system’'s heat pump annually consumes
3844kWh lyear of electricity. Cost of annual congtion of
electricity by air conditioners maked cong=1976x0.08=

and specific cost of annual heating and coolinfgrred to
1n? of building, T, $/n? per year makes

$158. Annual repair cost of ordinary system makes T=1573/144=10.9,$/fyear.
6370x0.04=255 $/year. So, total annual operatiost @f
ordinary system makes The energy and cost characteristics of hybrid sysiee

summarized in table 3.
SUorg= 908.5+158+255=1318%/year.

Table 3. The energy and cost characteristics of hybrid amtinary systems

Characteristics Hybrid system Ordinary system

Cost of heating boileKyqi, $ $390 $ 650

Cost of ventilation fresh air heating separatedstisep boi., $ $320 $320

Cost of ventilation fresh air heating equipmétisxyv, $ $56 $56

Cost of heat pumgKup, $ $1628 -

Cost of winter condenser for intermediate wormihgeating wateeong $ $96 -

Cost of solar air heatéso.neat, $ $ 469 -

Cost of ordinary air conditioners for summer cogliiac, $ = $ 3056

Cost of waste gases mixing chamtb@sy chamb, $ $72 -

Cost of heating-cooling fan coil§an-coi, $ $ 268 $ 268

Cost of automation systef{autsyst $ $ 200 $ 200

Total capital costy Kx1,4, $ 3499x1,4=$ 4899 4550x1,4=$ 6370
E:;’t;‘]gda?]ié’r\fet;':ﬂztis:;jii! ﬁg;‘sse“a”g’“o” GFERE IIEIGEEMNET  qeep chemen 1798+914=2712 ffseas.
;?Stzggf)st of seasonal consumption of gas for hgatnd ventilationgas 1834,7 x 0,035 = 614 $/seas 2712x0.335=908.5 $/seas
Heat pump'’s electricity consumption for heatindneating season, 1868 kWh _

NHP.wim.seau kWh
Heat pump electricity consumption for cooling amhtiation in cooling 1976 KWh (el.consumption of air conditioners)
seasonNei cooling.sumn, KWh 1976 kWh

Heat pump’s annual consumption of electridMyp.annuar KWh 1868+1976=3844 kWh -

Cost of annual consumption of electricity by heainp,

3844kWh x 0,08$/kWh=308 $/year 1976kWh x 0,08%/kWh=158%/year
Uetpann(Uel.aircond.an) $lyear y y

Annual cost of current repair of the systdip,, , $/year 4899x0.04=196 $/year 6370x0,04=255 $/year

Total annual operational cost of systghy, $/year 614,6+308+196=1119 $/year 908,5+158,3+255=1318 $/year

Annual expenditures for running the systdm, T=4899/25+1119=1315 $/year T=6370/25+1318=251+1318=1573

Specific cost of annual heating and cooling reféteednt of building, Ts, T<=1315/144= 9.13, $/fyear T;=1573/144=10.92 $/fgear

Analysis of data of table 3 shows that the speafist of rangeS=4+6.
annual heating and cooling referred to%1mf building, T, 3. Analysis showed rather high energy efficiency and
$/n? per year for developed hybrid system in 1,79%/ear reliability of such kind of heat pump and posstyilif its
or in 20% is less compared to ordinary system. &foee, efficient use in developed hybrid system of heating
wide application of developed hybrid system willopide cooling.
significant savings of energy and means. 4.Suggested hybrid system of heating and cooling and
developed method of its calculation allow desigrangl

9. Conclusions implementing energy efficient and cost effectivatieg

. and cooling of buildings.
1.Research proves possibility of use warm waste gasess, Analysis of data, obtained based on method foraf

mixture as low potential source for “gas mixturér-a energy efficiency and cost effectiveness critetiaves

new type heat pump. _ o that the specific cost of annual heating and cgolin
2. The algorithm and mathematical model allow optimigi referred to 1rhof building, Ts, $/nf per year for hybrid

all characteristics of the hybrid system for valeakalues system in 1,79$/fyear or in 20% is less compared to

of loads of heating boilgf and heat pump ( 18) in the widely used ordinary systems.
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6.Wide application of developed hybrid system will

provide significant savings of energy and means.
[5]
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