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This paper presents a numerical and experimental study of a heating system
that consists of hot air generator driven by biomass pellet burner to drive the
NH;-water absorption heat pump made by Robur. The aim of this work is to fully
test the system of hot air generator for thermal potential, by developing a thermal
field, while driving the absorption heat pump of medium capacities for residential
purposes, and to make model of predicting the efficiencies of heating comparing
to conveyed heat in desorber of absorption heat pump. Numerical simulations of
the hot air generator were performed in the commercial sofiware ANSYS FLUENT
and CFX. The experimental part was carried out in the laboratory of the Faculty
of Mechanical Engineering in Nis, where the temperature and velocity measure-
ments were obtained and compared to numerical results. Results were obtained
for mass air-flow through the hot air generator and desorber of 0.17 and 0.2552
kg/s, pellet burner power of 15 kW, 18 kW, 21 kW, 24 kW, 27 kW, and 30 kW, with
air inlet temperature in desorber of around 89-140 °C. The heating efficiency of
the absorption heat pump goes from 1.01 to 1.37. The heat loss over the surfaces
of hot air generator goes from 0.6-0.9 kW depending on ambient air and surface
temperatures. The system has the potential to be applied in low temperature heat-
ing and the spare heat from combustion products and residual hot air can be used
for different purposes.

Key words: biomass, pellet, hot air generator,
ammonia absorption heat pump, CFD

Introduction

The increase in energy consumption in the world has an expanding tendency, it is a
consequence of the faster technological development of civilization and the living standard of
people, such as the need for thermal comfort [1]. Research is currently underway on the effi-
cient utilization of RES, such as, biomass, solar energy, and other forms in absorption technol-
ogy, in terms of efficiency and applicability. [2].

The building sector is responsible for over 30% of total energy consumption, even
higher percentage is present in more developed countries [3]. It is also one of the largest con-
sumers of primary energy and emitters of GHG. Therefore, it is vital that all these energy needs
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are covered from so-called clean, renewable energy sources [4, 5]. As a result, global warming
causes more and more electricity to be consumed for cooling in the summer months, and even
that consumption in some parts of the planet exceeds the consumption of electricity for heat-
ing in winter [6]. Biomass is one of the most important forms of primary energy belonging to
renewable sources, with reduced emissions of pollutants [7]. The advantages of using biomass
are that it can always be used regardless of weather conditions and that it is always available
in the regions where it is exploited, while the disadvantage is that there are additional costs of
conversion, transport and preparation into a suitable form for use, Chambon et al. [§].

In addition solar energy, it is one of the forms of renewable energy and represents a
potential solution this problem in winter heating and cooling, during warm period of the year,
using absorption technology [9]. This technology is promising given that the biomass as a RES
will contribute more than 10% of the global power supply [10]. The application of biomass has
great prospects, especially in areas where it is generated and where there is a need [11], as it
is the case with Serbia. Absorption chillers are systems that use heat in a desorber-generator
from an industrial process or from biomass, solar energy, waste heat, for driving the process of
cooling or heating. Instead of a compressor, which consumes a significant amount of electricity,
desorber is essentially a heat exchanger, where it directly absorbs generated heat at higher rate
and efficiency. To start this process, heat of a certain temperature potential is required, which
depends on the heat carrier fluid, the mixture of fluids used in the absorption chiller and the
working pressure [12]. The advantage of using solar systems in absorption cooling technology
is that solar energy is used directly in the absorption process without too many conversions, but
the disadvantage is that there is uncertainty in its use because it depends on weather conditions
and can be used only when there is sun [13].

The following research shows the efforts of researchers in the exploitation of RES
with technology, working medium and temperatures in the vital parts of the absorption chillers
to the generator, evaporator, absorber and their achieved efficiencies. Thus, Patela et al. [14]
examined the effect of the variable operating temperature in the desorber-generator, heat carrier
is thermal oil Syltherm800 coming out of the solar field to absorption chiller NH;-water, where
the oil temperature range was from 80-120 °C at the desorber inlet .

Bellos et al. [15] performed thermodynamic research on a double-effect absorption
chillerwithanew working fluid LiCl-water, whichis drivenby heat fromaparbolictroughsolar
collectorviaTherminol VP-1oil,and cameto the conclusionthatthe bestexergetic coefficients
of COPex utilization occur at lower input temperatures in the desorber from 80-110 °C. She
et al. [16] tested a two-stage absorption chiller with LiBr-water and LiCl-water in the
second stage where the operating heat was at a lower temperature level of about 70 °C
at the inlet to the lower pressure desorber and the higher pressure desorber. The overall
efficiency was higher than that of a similar two-stage system with a higher operating tem-
perature and only LiBr-water. Moreover, Praham et al. [17] proved that lower operating
temperatures in the desorber of about 60-70 °C are possible with absorption chillers based
on the LiCl-water mixture and that the same efficiency coefficient is achieved as with the
LiBr-water system.

In order to improve the efficiency of absorption chillers, they are formed to be multi-
stage, but the disadvantage is that in order to work they require a higher inlet temperature in the
desorber, over 180 °C, which brings additional burden to the system [18]. At the moment, sin-
gle-, two-, and three-stage absorption chillers are the most common on the market, most often
using a mixture of LiBr-water or NH;-water as the working medium. The operating tempera-
tures that should enter the desorber-generator of single-stage absorption chillers from the heat
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source are between 70-90 °C, and their COP is about 0.65, in two-stage and three-stage chillers
the operating temperature is between 180 °C and 240 °C, while the COP utilization coefficient
is about 1.4-1.8 [19, 20]

Therefore, multi-stage absorption chillers become interesting due to the higher degree
of COP utilization over 1, however, they require significantly higher inlet temperatures to the
desorber-generator, which increases the costs of producing high temperature heat sources by
over 180 °C, [21, 22]. Xu et al. [23] investigated the influence of the inlet temperature in the
generator-desorber of the absorption chiller LiBr-water, which comes from the solar field via
thermal oil and goes from 95-120 °C, the absorption chiller had the ability to work in one-stage
and two-stage modes and change the work simultaneously while performances were examined.
The COP utilization coefficient ranged from 0.6-1.08. Rego et al. [24] performed testing of
hot gases of the exhaust system in an internal combustion car and its temperature potential for
the drive of the absorption cooling system in the car, which worked on the basis of NH;-water.
The exhaust gases coming out of the internal combustion engine carry with them part of the
heat that remains unused in ordinary cars, in this case contributing to the overall increase in
efficiency by transferring heat to the absorption system. Thus, it was observed that the operat-
ing temperatures of 180 °C, 200 °C, 240 °C, and 270 °C give different results. The absorption
cooling system proved to be unstable at higher temperatures of 240-270°C with low COP due
to overheating of the cooling fluid vapor and the lack of possiblity of condensation in the
condenser, while the stable operating mode was achieved at 200 °C. The same conclusion was
reached in the works of Koehler er al. [25] Manzel et al. [26]. Cai et al. [27] have developed
a dynamic model for calculating the thermodynamic quantities of a single-stage absorption
chiller. Namely, their numerical calculation with the initial boundary conditions quickly leads
to a steady-state of operation of the absorption chiller, and the model very quickly converges to
the real parameters and with minor changes in the boundary conditions. It was noticed that the
efficiency coefficient of COP increases from 0.55-0.71 when the input operating temperatures
in the generator-desorber decrease from 435-344 K.

Pandya et al. [28] mathematically performed thermodynamic temperature optimization
in the generator-desorber of the LiBr-water absorption chiller, analyzing the minimum tempera-
ture in the desorber for the system to function. It has been observed that the minimum operating
temperatures of the system in the generator decrease together with the temperature in the evapora-
tor and increase together when the temperature in the condenser increases. When the temperatures
in the generator rise from 90-108 °C, the efficiency coefficient COP rises to half of the range of
these temperatures and from half retains a constant value, i.e.. It grows from 0.2-0.69.

It was noticed [29] that the generator-desorber and its operating temperature and con-
struction, in addition the absorber and evaporator, have the greatest influence on the exergetic
coefficient of efficiency of the system and the loss of exergy. It has been shown that as much
as 80% of energy loss occurs in the generator-desorber of the absorption chiller due to the mis-
match of operating parameters and operating temperature of the desorber, which depends on the
construction of the absorption chiller and the working medium [30]. Li et al. [31] investigated
the influence of the heat load of desorber-generator, two-stage absorption chiller LiBr-water on
the degree of efficiency of the air-cooled COP absorption system. It has been noticed that at a
lower heat load ratio of the desorber-generator, the efficiency coefficient currently increases.
However, it is necessary to determine the optimal heat load ratio of the desorber in order to
prevent crystallization in the absorption system.

In the work of Gutierrez-Urueta et al. [32] was performed a parametric energy and ex-
ergy analysis of the absorption chiller LiBr-water with adiabatic absorber and condenser, where
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it was observed that the exergetic efficiency coefficient depends on the operating temperature
in the desorber-generator at a constant temperature of the absorber and condenser. In general,
as the temperature in the desorber-generator increases, the exergetic coefficient of efficiency
decreases. Therefore, it was calculated that the highest utilization coefficients of cycle I exergy
at desorber temperatures are less than 65 °C.

Velasqez et al. [33] tested an air-cooled absorption cooling system NH;-water which
is driven by the heat of combustion of natural gas in a desorber-generator of an absorption
chiller where part of the heat for desorber operation is regenerated via GAX heat exchangers.
They reached the efficiency coefficients of cooling COP, of 0.86 in summer and heating of 1.86
in winter, at the outlet temperature of the working fluid from the desorber of 200 °C.

[li¢ et al. [34] simulated temperature profile inside the small pellet stove around 15
kW for possible placement of desorber of single state absorption heat pump. The temperature
potential is around 400 °C enough to drive the absorption process. In a subsequent review,
Sun [35] compared the thermodynamic states of three different absorption chillers, the first
based on NH;-water, the second NH;-LiNO;, and the third NH;-NaSCN. Since all three sys-
tems performed the same cooling effect, i.e. the power of the evaporator was constant, and the
only parameter that influenced the quality of the cooling efficiency coefficient COP, was the
generator-desorber, 7.e. The amount of heat delivered to the desorber with the temperature level
of the driving energy. The NH;-NaSCN and NH;-LiNO; have been observed to be good substi-
tutes for steady-state NH;-water because they achieve better COP for lower temperatures in the
desorber-generator system.

Marcos et al. [36], proposed a new way of optimizing COP of cooling of LiBr-water-
absorption chillers regardless if it is single or double stage system. In this approach, the model
recognizes the condensation temperatures and concentrations of the working mixture with the
working temperatures in the desorber-chiller generator of 92.8-57.8 °C. It was observed that the
efficiency coefficient for a single-stage system goes from 0.84-0.74, respectively.

Physical and mathematical model of the case

Following the previous description of contemporary absorption heat pump (AHP)
technology, it can be seen that the majority of driving heat for the AHP desorber comes from
solar, gas or waste heat, but very little or none is produced by the direct combustion of bio-
mass-pellets in the desorber. In this research, conducted in the laboratory of the Faculty of Me-
chanical Engineering in Ni8, Serbia, the performance of a single-stage AHP-NH;-water-GAHP-
AR Robur was tested when driving source is hot air inside the desorber, figs. 1 and 2. Hot air is
generated in hot air generator, figs. 3 and 4, and it has a biomass-pellet burner — Pelltech PV30a
(up to 30 kW) on one side [37], and on the other three-speed fan Ruck — EM 315 E2M 01,
speed range up to 3000 m*/h [38]. When connected to the AHP due to connection pressure drop
the air-flow goes from 675 to 920 m*/h or 0.17-0.2552 kg/s. This concept, of hot air injection
desorber of AHP was approached for the reason of avoiding direct exposure and contamination
of desorber exchange surfaces with dirty products of pellet biomass combustion.

In figs. 3 and 4, the basic dimensions and shape of the hot air generator can be seen
as well as fluids flow paths. The generator walls are made of boiler steel with performance that
can be found in database [39].

The pellet burns in the burner, where flame and hot gases-combustion products heat
the air through the walls of the furnace and the plate heat exchanger located inside the upper
part of the generator. The flow paths of combustion products and air are shown in red and blue,
respectively. Temperatures inside the generator on the side of combustion gaseous products
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were measured using the acquisition system LabVIEW with NI cDaQ 9188 chassis [40] and 16
channel NI 9213 module [41] for thermocouples (K-type) that were fully calibrated with £0.5%
accuracy and prepared for measurements figs. 5 and 6.

Heat is transferred from hot combustion products to colder air along the entire flow
path. The flow of combustion products and hot-air were measured with Testo 400 [42] and Pi-
tot-Prandtl probe &,= 7 mm, [43], at 10 pipe dimeters from the entrance, figs. 7 and 8. From the
air side of the generator, air enters from the environment on the opposite side from the burner
(ambient temperature, 7;) and is blown into the lower part of the generator by a fan, where it
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encounters the outside hot wall of the burner chamber and floods the chamber. The air continues
to flow upwards where it encircles the smooth pipes first and then the front ribbed part and then
the back ribbed part of pipe heat exchanger (TC — 10 and TC — 15), measured humidity of hot
air was 35-36 %.
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Figure 7. Experimental set-up in Figure 8. Configuration of volume
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pipes with Pitot — Prandtl probe O =7 mm

Finally, heated air, reaches the outlet in the upper part of the generator above the fan
where the outlet air temperature is measured with TC — 15. The outlet diameter of the hot air
opening is &;= d; =127 mm. Hot air then enters the desorber of the AHP and leaves it throught
the desorber outlet, where the temperature was measured by TC K-type and Testo 400. On the
left side of the generator, there is a pellet tank with weight scale Kern and Sohn — KMB-TM,
[44], which continuously supplies the burner with the appropriate amount of pellets in accor-
dance with the set power on the burner and the operating mode of the generator. The charac-
teristic temperature measuring points on the hot combustion products side and on the air side
are shown in fig. 8 in accordance to EN 12599 and error £2.5%. The entire generator is lined
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with 10 cm of mineral wool insulation [45] and over reflective air aluminum foil with bubble
thickness of 2.5 mm with its thermophysical characteristics found in [46] to reduce heat losses
to the lowest possible level. The total resistance coefficient of passage through the generator
wall, insulation layers and aluminum air foil is 3.2 m?K/W. Heating capacity on the water side
of the AHP was measured by Kamstrup multical 402 calorimeter [47] and two PT — 100 probes
on outlet and inlet pipes, with measured water flow of 2.5 m?® per hour £1.5%.

Numerical model of hot air generator and
COP determination of AHP

Mathematical models consist of two parts, first part is numerical simulation of the hot
air generator and its performances to validate it with real measurements, and the second part is
calculating heating efficiencies of AHP by acquired measured parameters.

Firstly, the numerical simulation of biomass hot air generator was performed with
both steady and transient analysis. First steady analysis was carried to reach a certain level for
residuals, after convergence criteria has reached 107 for scalar and 10 for energy residuals,
transient settings were applied. Calculation time per case took around two days on computer
17-5700HQ CPU at max 3.50 GHz with 2.70 GHz processor and 32 GB of RAM.

Considering the complicated nature of modeled system, following boundary condi-
tions and assumptions were used:

— Only a half of geometry was considered.

— Reynolds decomposition is used to simplify Navier-Stokes equations.

— A burner was simulated using a heat source.

— A mixture of air and CO, was used in simulation.

— Areal geometry for a heat exchanger was simplified using porosity model.

— From the side of exhaust gases, the velocity inlet and pressure outlet were set up where
ambient pressure was set to 0 Pa.

— From the side of hot air, the mass inlet and mass outlet were defined.

— No-slip condition is applied to all walls.

A commercial code ANSYS FLUENT was used for numerical simulations.

The geometry as well as the mesh was created via Workbench platform, figs. 9 and 10,
a model was created according to the dimensions of the experimental set-up.

Pressure outlet|

Mass outlet
hot air

‘Equivalent
porous heat]
‘exchanger

Velocity inlet Mass inlet
pellet burner ! T—_ambient air

Figure 9. Computational domain of the case Figure 10. Tetrahedral mesh of the domain
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The mesh size was chosen according to expected velocities magnitude. Several sim-
ulations were done to check case sensitivity on a mesh size and to obtain a discretization error
using a grid convergence index, tab. 1. It was found that the difference in temperature value on
outlet boundary condition between fine and medium mesh is less than 1%. Initially a mesh with
half a million of elements was used, however after mesh dependency check, it was found that
1 million of cells is enough to obtain an accurate solution with the minimum computational time.

Table 1. Mesh size of the domain

Mesh size Coarse Medium Fine
Number of elements 7278021 10405293 14436821
Number of nodes 3611401 4690774 5929862

The combustion of gases is governed by a set of equations describing the conserva-
tion of mass, momentum, energy, and species. Excluding the mass forces, baro — and thermal
diffusion, the equations are:

%‘;+V(pu)=0 (1)
ﬁ(gu) +V(puu)=-VP+Vr, 2
o(ph)

+V(uph)=%—};+uVP+

ot
. 3
v(aeffVT—Zh,.J, +reffuj+ >0 -0,
i i=1
0
(éotu) +V(puu)=-VP+Vr, 4)

where p [kgm™] is the density, u — the velocity vector, ¢ [second] — the time, and P [Pa] — the
pressure

r = (u+ M)(vH(v“)T —%1(%))

is the effective stress tensor (i.e., the sum of the viscous and turbulent stresses), u [Pa-s]
— the viscosity, u — the turbulent viscosity, / — the unit tensor, 4 [J] — the enthalpy of
the mixture, A= A + 1, — the effective thermal conductivity, A [Wm'K™'] — the laminar
heat conductivity, 4, = C,uPr;'— the turbulent heat conductivity, C, [JK™'] — the specific
heat, Pr, — the turbulent Prandtl number, and 7 [K] — the temperature, [K].

T
h=|cC,dr

Tt

ef

where T,; = 298.15 K, is the enthalpy of species i, J; — the diffusion rate vector of species i,
O'= h'R,/M; [J] — the heat source, Q.4 [J] — the radiation heat, ¥, — the mass fraction of species
i, D; [m*s7'] — the diffusion coefficient of species i in the mixture, Sc; — the turbulent Schmidt
number, and R; — the rate of production of species, i, by chemical reaction.

For current study SST turbulence model was used, which shows good results simulat-
ing the wall surface flows. According to this model the turbulent viscosity is calculated:
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is the equals one for the boundary-layer, and equals zero for the free layer, Q = 0u/On — the de-
rivative of the flow rate on the normal to the wall, and &k and w are the turbulence kinetic energy
and the specific dissipation rate, respectively.

Parameters £ and @ were obtained from the transport equations:

opk 0 ov. 0 ok
——+—(pvik)=1. —— B*pwk +— +ol ) — 6
or 8xi(p' ) e Fp 6x,.|:(# k”)axj ©)
opw 0 y O,
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V,=————
ou
max| a,0;——
OyF,
model constant @ssr (7, o1, 0., B, B7) associated [,
with k-w model constants @,,, and transformed i
k-¢ model @kg as: QSST: d)ngl + (1 — Fl) d)kg,
F, = tanh(arg?):
. Vi 5000 | 4po .k
arg, = min| max ; ;
0.090y y*e | CD,, »*
and y [m] — the distance to the nearest wall.
To save computational time a real geom-
etry of a heat exchanger was changed to equiv-
alent porous domain, fig. 11, with calculated
parameters given in tab. 2.
Table 2. Porosity model settings
Volume | Interfacial | Heat transfer Area Figure 11. Real geometry of a heat exchanger
porosity |area density coefficient porosity inside hot air generator and a porous geometry

with equivalent characteristics

0.785 413.51/m | 250 W/m?’K | Isotropic

Several cases were considered using different values for power of a burner and air
mass-flow rate according to fan specification, all data are collected in a tab. 3.
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Table 3. Boundary data

Case 1 Case 2 Case 3 Case 4

Fan air 0.2552 kg/s | 0.2552kg/s | 0.2552 kg/s | 0.2552 kg/s

mass-flow rate” 0.17 kg/s 0.17 kg/s 0.17 kg/s 0.17 kg/s
Power 15 kW 21 kW 24 kW 30 kW
Outside 25°C 25°C 25°C 25°C
temperature” 20 °C 20 °C 20 °C 20 °C
CO, mass fraction on burner inlet 0.5 0.5 0.5 0.5

* For each value of power, two cases were considered with different mass-flow rate and outdoor temperature.

For a comparison analysis with experimental data a Sensor TC positions were specified
for monitoring the temperature as in real measurement, their co-ordinates are given in tab. 4.

Table 4. Sensor TC positions

Nimber X [m] Y [m] Z [m]
Sensor TC 1 0.05 1.575 0.155
Sensor TC 2 0.07 1.57 0.155
Sensor TC 11 0.01 1.7 0.25
Sensor TC 12 0.01 0.475 0.45
Sensor TC 13 0.01 1.7 0.575
Sensor TC 14 0.17 0.06 0.71
Sensor TC 15 0.17 1.6 0.71

Second part of mathematical model is calculating heating capacity and COP of AHP
by acquired real measurement data of heat delivered in desorber by hot air and of heating wa-
ter. The heat delivered by water side is actually equal to heat gained through the absorber and
condenser of AHP:

QH = Qa + Qc = mwcw(tout - tin) (8)

where Oy [kW] is the heating power of AHP, O, [kW] — the extracted heat from the absorber,
0. [kW] — the extracted heat from the condenser of AHP, m,, [kgs™'] — the water mass-flow,
¢, —the specific heat capacity of water 4.186 kJ/kgK, #,, [K] — the water outlet temperature from
AHP, and ¢, [K] — the water inlet temperature in AHP [K]:

QD = macp,a (tIS _ta,out) (9)

where Q) [kW] is the desorber power of AHP, m, [kgs™'] — the air mass-flow through desorber
of AHP, ¢, [Jkg'K™'] — the pecific heat capacity of air calc ulated by eq. (10), #5 [K] — the av-
eraged air outlet temperature from hot air generator to desorber inlet, and #, ., [ K] — the averaged
air outlet temperature from AHP desorber.

Thermo physical properties of air were calculated by the following polynomial equa-
tion where coeficiencts are defined by table found in [48]:

Cp,a 2 3 4 5
=A+BT +CT“+DT°+ET"+FT° 280<T <550 (10)
Pa

Table 5. Coefficients of polynomial equations for calculating the density and
specific heat capacity of air

A B C D g F
Pa 5.4894 —3.5035-10% | 1.1762-10* | —-2.1926-10"7 | 2.1534-10' | —8.7095-10 "
Cpa 9.4431E-01 8.8556-10™ | —4.9308-10 | 1.2709-10° | -1.4674E-10""| 6.5316-10°"
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After measurement and calculation of powers with thermophysical properties, the ef-
ficiency of the AHP due to desorber air inlet temperature was defined and presented as ratio
between water heating capacity and heat gain in desorber:

Oy
cop, =<1
"o, (an

Numerical and calculation results

Figures 12-15 represents a numerical and measurement results for a fully converged
solution with a given mesh and computational domain for the hot air generator.

Temperature profile of combustion products can be seen on figs. 12-15, for 15 kW
and 21 kW of burner power at 0.17 kg/s of mass air-flow and 24 kW and 30 kW of burner power
at 0.2552 kg/s of air-flow, respectively. The subsequent figures present the temperature field of
combustion gases at 0.2552 kg/s and 24 kW and 30 kW of burner power.

Temperature
1560.0

| 11800

© w©
Figure 12. Temperature of Figure 13. Temperature of
combustion products at 15 kW combustion products at 21 kW
and 0.17 kg/s air-flow and 0.17 kg/s air-flow

Figure 14. Temperature of Figure 15. Temperature of
combustion products at 24 kW combustion products at 30 kW
and 0.2552 kg/s of air-flow and 0.2552 kg/s of air-flow
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Heat losses over the surfaces of hot air generator due to natural-convection and radi-
ation goes from 0.6-0.85 kW for the range of ambient temperature from 0-8 °C. Surrounding
wall surface temperature is in range from 12-16 °C and average temperature of hot air generator
is 32-36 °C, as calculated in [49].

In the next diagrams figs. 16 and 17 presented are the real measurements compared
to the numerical simulation of temperatures of hot air generator at pellet burner power of 21
kW and air-flow of 0.17 kg/s as validation of numerical simulation. At this power it can be
seen that desorber calculated inlet temperature of hot air reaches 115.4 °C while the measured
temperature is 116.2 °C.

The temperature of hot air (desorber inlet) at 21 kW of Pellet burner power at 0.17 kg/s of airflow
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Figure 16. Measured temperatures from Figure 17. The CFX simulation of hot air
the hot air generator at 21 kW burner power generator temperatures at 21 kW burner
and 0.17 kg/s air-flow power and 0.17 kg/s air-flow

After a series of simulations and measurements, the following images figs. 18 and 19
show the average temperatures in the desorber for different burner powers at ambient tempera-
ture of 7.5 °C. Numerical simulations are shown with dashed lines, and measurement results are
shown with triangles. Given the scale, the averaged deviations of the measured temperatures
from the numerical temperatures are not greater than +4.5 °C.
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Figure 18. Average desorber inlet Figure 19. Average desorber inlet
temperature TC — 15 and other sensor temperature TC — 15 and other sensor
TC position at 0.17 kg/s air-flow TC position at 0.2552 kg/s
and different burner powers air-flow and different burner powers

The next iteration was determining the efficiency COP of the absorption heat pump
depending on the air temperature in the desorber at different burner powers, at air-flows of
0.17 kg/s and 0.2552 kg/s. The efficiency is determined in accordance with the equation eq.
(11), and the results are shown in figures figs. 20 and 21.
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Figure 20. Desorber driving inlet temperature Figure 21. Desorber driving inlet
influence on COP of AHP at air-flow of temperature influence on COP of
0.17 kg/s AHP at air-flow of 0.2552 kg/s

It can be seen that the effect of decreasing driving source temperature results in de-
creasing the COP of AHP and heating capacity, while outlet temperature of heating water goes
from 35-31 °C. It is the consengence of decreased temperature difference in desorber which
lowers generation of ammonia refrigerant. Furthermore, reduced quantity of generated refrig-
erant in desorber, decreases condensation and absorption temperature, while increasing the
temperature of evaporation. This process leads to decreasing the COP together with heating
capacity of AHP as showed on previous figures. Declinement of COP from around 140-136 °C
is slight, around 1.37 and gets lower with further decrease of driving air temperature in desorber
to 1.01 for both air-flows.

Fitting curve for COP in relation the temperature in the desorber:

COP =—-4.3461 +0.016184¢> —1.797¢ +63.384 (12)

Herold, et al., [50] concluded that COP maintans stable value of 1.5 for the temperature
range between 120-150 °C of driving source in desorber, and that further increas in driving source
temperature can only increase the heating capacity but not the COP. Achieved COP in this work
fits in the concluded range of Herold at all as it is achieved COP of 1.37 at around 150 °C.

Conclusions

Absorption heat pump systems with eco-friendly refrigerants such as NH;-water rep-
resent the alternative for compression heat pump systems with restricted chlorofluorocarbon
refrigerants. Absorption systems can make considerable savings in emissions of CO, and NO,
gases and reduction of electricity consumption for heating and cooling.

In this research, the aim was to construct and investigate system for heating based on
single stage absorption heat pump Robur GAHP-AR and to drive it by hot air that is generat-
ed in hot air generator by primary energy of pellets (biomass) in burner. Air-flow to desorb-
er of AHP goes from 0.17-0.2552 kg/s and as driving power of pellet burner increases from
15-30 kW also increases the air temperature inlet from 89-140 °C. At higher air desorber inlet
temperatures from 136 to around 140 °C the COP of AHP does not vary too much and is around
1.37, while heating capacity is around 11.11-13.2 kW with outlet water temperature of 35 °C.
As desorber air inlet temperature decreases also decreases the heating capacity of AHP and
COP. Heat losses over the system wall surfaces to surroundings goes within 0.6-0.9 kW. While
air outlet from the desorber is at temperatures around 80 °C and air-flows of 0.17-0.2552 kg/s
which also has potential for further exploitation for heating some large spaces or utilization in
industrial processes. The combustion products leave the system at temperatures of 180-220 °C
depending on pellet burner power and air-flow. They also have the capacity to extract heat for
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some heating purposes via some heat recovery equipment in order to bypass contamination
from combustion dirts. All in all, it can be said that the goal of constructing and investigating
air driven AHP with biomass-driven generator for low temperature heating capacities has been
achieved. As a result, the further improvement and optimization of the concept can be carried
out, in direction of immediate utilization of heat from biomass combustion in desorber of AHP.
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