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Abstract

The worldwide need for improved energy efficiency in end use energy demand technologies
catalyses the development of advanced household devices. Efficiency in the end use of
energy also embraces the development of advanced household technologies with lower
energy demand. Wet appliances are among the most energy intensive domestic devices in
the domestic sector and accordingly they are a class of devices that require a reduction of
their energy intensity. In this research a highly efficient washer-dryer that embeds a heat
pump for drying is characterised experimentally and theoretically. With a 3 kg standard load,
the heat pump washer-dryer results in 0.83 kWh energy consumption which correspond to
41% of an equivalent Class A device. The energy efficiency can be improved through
hybridisation of the technology with a sorption bed. A theoretical assessment of the hybrid
sorption/heat pump washer-dryer system shows that it can work with 0.78 kWh and shorter

cycle time.

1.Introduction

With global energy demand only expected to increase, the improvement of energy efficiency
is the single most effective way of achieving the climate change goals set out by the Paris
agreement [1]. Initial investigation into increasing energy efficiency should focus on the most

energy intensive technologies. Among these, wet appliances are the second most energy



intensive class of household devices in Northern Europe [2—4]. The performance of wet
appliances have been significantly improved with the addition of an adsorption bed. The
exchange of traditional electrical drying methods with an adsorption bed in dishwashers led
to energy savings of 25-41% compared with the standard A class technology [5-7], and the
technology is deemed to be mature enough that it has been commercially available since
2012 [8]. Despite the proven success of this technology, the use of adsorption materials in
other wet appliances such as washer-dryers is yet to occur. The washer-dryer presents a
different challenge. In the dishwasher around 0.1 kg of water is dried during the drying cycle,
in the washer-dryer this amount can be as high as 1 kgwater KQary 10ad”!. A typical washer-dryer
load can be up to 6 kg dry load, therefore the required adsorption bed would be too large to
fit inside the appliance. This increased demand calls for sorption materials having high water
working capacity. Is this study, sorption refers to adsorption and/or absorption of water.
Inorganic salt in silica gel matrix composites are sorption materials that have demonstrated
water loadings as high as 1 kQuater kg sorvent™* [9,10]. However, their use is limited as they are
corrosive and have limited hydrothermal stability [11]. These negative properties are
mitigated by exchanging the inorganic salt with ionic liquid (IL) [12]. Even with IL-composite
providing a higher working capacity of 1 kgwater Kgsorbent ', @ hybrid process is still required due
to the amount of water to be dried in the washer-dryer. Therefore, this study introduces the
novel concept of integrating an IL-composite sorption bed into the most advanced current
washer-dryer technology, a heat pump washer-dryer, to create the hybrid sorption heat
pump washer-dryer. The performance of the hybrid system are theoretically predicted from
the experimental material properties and the experimental characterization of the device

operated with heat pump drying.

2. Description of the processes
The operation of the heat pump in the drying cycle is illustrated in Figure 1a. It involves two
closed cycles, one for air and one for the refrigerant. The air cycle is operated by the fan,

drawing warm wet air from the drum. This is cooled and dehumidified with the evaporator,



and the condensed water leaves the system. The cool dry air is heated by the condenser.
The resulting hot dry air re-enters the drum to cause the evaporation of water from the
textiles. This process repeats itself until the prescribed time or dryness of textiles is

achieved.
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Figure 1: a) Heat pump washer-dryer process schematic (left). b) Hybrid heat pump washer-dryer process
schematic (right).

In the hybrid process a sorption bed is fitted between the evaporator and condenser (Figure
1b). In this position the air is at its coldest and highest relative humidity (RH), optimal

conditions for sorption. With this set-up the hybrid process works as the non-hybrid process
with the exception that the cooled dry air, which is further dried by sorption of water vapour

in the bed before it enters the condenser to be heated.

3. Experimental test rig

The test rig consists of a washer-dryer that integrates an R134a heat pump for drying. The
device features a series of sensors located in the positions indicated in Figure 2. The device
is fitted with type T thermocouples (accuracy the greater of £ 1 °C or + 0.04%), Honeywell
HIH-4000 relative humidity sensors (accuracy * 3.5%), one Sensirion SDP816-500PA

(accuracy + 3%) differential pressure sensor fitted to a Pitot tube to measure the air flow rate



and an ammeter fitted to the washer-dryers main electricity cable to determine electricity

usage.
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Figure 2: a) Schematic of heat pump washer-dryer with locations of sensors. T1 and RH1 detect the air conditions
before the evaporator. T2 and RHz sense the air conditions after the evaporator, while T3 and RHs after the
condenser. The mass flow is measured before the evaporator (m1). Tev,inand Tev.out detect the temperatures of the
refrigerant before and after the evaporator respectively. Teq,in and Teq,0ut detect the temperatures of the refrigerant
before and after the condenser. b) Upper view of the heat pump washer-dryer, where some of the heat pump
details are visible along with some of the sensors and the air ducts.

A 3 kg pure cotton load following British and European Standards EN 61121:2013 and a
standard test with the parameters listed in Table 1 are used with clothes considered dry when

they reach ‘Cotton Iron Dry’ under the EN61121:2013 standards [13].

Table 1: EN61121:2013 standard test parameters used for characterisation [13]

Test Parameter Standard Test Setting
Load mass 3 kg bone dry

Load material Cotton

Washing programme Rinse

Spin speed 1200 RPM

Drying programme Cotton Dry

Moisture level when classified dry 12 % of dry mass

The performance of the system is evaluated during experimental tests and model simulation
with four different measures, the moisture extraction rate (MER), the specific moisture

extraction rate (SMER), the total energy required for drying (Ecyce) and the time required for

drying (tary):



— mw(to)_mw(tdry) (1 )

MER :
dry
tar
Ecycle = ftod Y Pwasher dryer dt (2)
SMER = mw(to)_mw(tdry) (3)

Ecycle

4. Experimental characterization of the heat pump cycle

At steady state, the reverse vapour compression cycle followed by the R134a heat pump
operates at compressor discharge temperature of 72°C, condenser temperature of 45°C,
evaporator temperature of 15°C and compressor suction temperature of 25°C (Figure 3), that

correspond to the pressures and reverse vapour compression cycle performance of Table 2.
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Figure 3: Average heat pump cycle temperatures throughout 120-minute drying cycles of standard load. Average

deviation in measurements Tevap,in £ 0.3%, Tevap,out £ 0.3 %, Tcondinx 0.2 %, Tcond,out £ 0.4 %. Positions of sensors
are in Figure 2.

Table 2: average heat pump performance throughout the 120 minute of drying of the standard load

Symbol Description Unit Value
COP Coefficient of performance 5.55

H Compressor isentropic efficiency 0.60
Pevap Pressure of refrigerant before evaporator kPa 480
Pcond Pressure of refrigerant before condenser kPa 1195
Qevap Evaporator specific enthalpy difference kd kg™’ 149.05
Qcond Condenser specific enthalpy difference kJ kg 181.80
ATsh Superheating of the compressor suction °C 9

Mref Mass flow refrigerant (steady state) kg s’ 0.00495




The evolution of the electrical power absorbed during one cycle is illustrated in Figure 4. A
steady state value of 0.485 kW is achieved after 10 minutes. This corresponds to the
simultaneous operation of the heat pump compressor, air fan and drum motor. The power
absorption increases to 0.519 kW for 30 seconds every 10 minutes when the pump needs to

remove the water condensed by the evaporator.
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Figure 4: Electrical power absorbed by the washer-dryer during 120-minute standard load cycle. The contributions
are from the evaporator drain pump (Ppump=0.034 kW), heat pump compressor (Pcompr=0.360 kW), fan (Pran=0.068
kW) and drum motor (Parum=0.057 kW).

5. Lumped parameters dynamic model of the heat pump washer-dryer
To support the understanding of the process a lumped parameters dynamic model of the heat
pump washer-dryer is developed and validated. The model is based on the following main
assumptions:

o The heat pump cycle is ideal with the exception of the isentropic efficiency and

superheating of the compressor suction which are constant;
o Pressure drops are neglected;
o All the air flows homogeneusly through the condenser or evaporator (no by-pass);

o Heat losses occur only from the drum and condenser;



o The relative humidity after the evaporator is always 100%;

o All water in the drum is in liquid phase initially;

o Air mass flow rate is constant;

o Temperature of the outlet air is identical to the temperature of the drum;
o There are no changes in air conditions between sections.

The energy balance equations of the model are collected in Table 3.

Table 3: energy balance equations of the heat pump washer-dryer
Evaporator

ml [Cpm,l(Tl - TZ) + AHw,vap(xl - xz)] = 7'href(hev,out - hev,in) (4)
ml[AHW,Uap (xl - xz)] = (1 - SHR)mref(AHref,vap - Cp,refATsh) (5)
SHR = Qs‘ens/(Qlat + Qsens) (6)
Qsens = mlcP,m,l(Tl - TZ) (7)
Quar = mlAHw,vap (xl - xz) (8)
RHZ = pw,Z/pwsat,Z =1 (9)
Condenser
xZ == .X3 (10)
7'hlcp,m,z (TZ - T3) = mref (hcond,in - hcond,out) + kcAc(TB - Tamb) (1 1)
Drum
dT, . .
(mtxcp,tx+mdcp,d+mwcp,w) d_td + ded(Td - Tamb) =mg (h3 - hz) - mwAHw,uap (12)
mw = l/) (pw,tx - pw,3) (13)
= ] — (BX e+ 8)/(1+ 50%) (14)
wsat,
t .
Xex = (Myater — fo 1My, dt) /My (15)
Total Energy Usage
_ (tary tpump
Ecycle — fo (Pcompr + Pfan + Pdrum)dt + fo Ppumpdt (1 6)

Note: SHR was obtained from a preliminary experimental characterization of the evaporator targeted to
define it. Results have shown the following linear correlation between SHR and RH+1: SHR= 0.59 RH1+0.81

This set of differential-algebraic equations was solved in Matlab by using the Levenberg-
Marquardt algorithm, the parameters in Table 4 and the information gathered in the previous
characterization of the heat pump cycle. All initial values for the air cycle temperatures are
assumed equal to the ambient air (22 °C). Similarly, the initial relative humidity is assumed at

60%.



Table 4: parameters of heat pump washer-dryer model

Symbol Description Value Units

B Water desorption isotherm constant @ 1

o) Water desorption isotherm constant? 2

1 Water desorption isotherm constant? 11

Cp.d Specific heat capacity of the drum (stainless steel) 0.4608 kJ kg K-
Cp,ref Specific heat capacity of the saturated liquid refrigerant 0.923 kd kg1 K-
Cp,ix Specific heat capacity of textiles (cotton) ® 1.210 kJ kg K-
Cow Specific heat capacity of liquid water 4.910 kJ kg K
AHrervap  Heat of vaporisation of refrigerant © 187.6 kJ kg’
AHw,vep  Heat of vaporisation of water © 2263 kJ kg

v Mass transfer coefficient of water from textile to air? 0.00001 kg s'kPa'
kcAc Thermal conductance for heat loss from condenser? 0.0065 kJs'K
KdAq Thermal conductance for heat loss from druma 0.059 kd s K"
my Mass of drum 2 kg

Mix Mass of dry textile ¢ 3 kg

Myater Mass of water in the textile ¢ 1.3 kg

m Mass flow rate of moist air ¢ 0.024 kg s’
Note:

afrom fitting of the model on the experimental data

b from [14]
¢ from [15]

d Experimentally determined with preliminary tests on the system

6. Experimental tests on the heat pump washer-dryer and model validation

In a standard drying step, the steady state air flow rate is 0.024 kg s™' + 0.002 kg s*'. The drum

relative humidity (RH+) drops steadily throughout the drying cycle as clothes become drier.

The relative humidity of the air after the evaporator (RH>) is fully saturated demonstrating the

capabilities of the heat pump to cool the air to its dew point continuously. After a few minutes

the air after the condenser reaches a low relative humidity below 20%. The temperature of the

air before the evaporator (T1) increases as it becomes dryer (Figure 5). The temperature after

the evaporator increases steadily throughout the cycle (T2). The start-up period is around 20

minutes and after this initial period, the air follows the thermodynamic cycles illustrated in the

psychrometric chart of Figure 6.
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Figure 5. Average temperature and relative humidity during a drying cycle in the heat pump washer-dryer for 3kg
standard load. (T1; RH+) and (T2; RHz) are the temperatures and relative humidity before and after the evaporator
respectively. (Ts; RH3) is the temperature and relative humidity after the condenser. Average deviations in
measurements were as follows: T1£0.3 %, T2+ 0.3 %,T3+ 0.3, RH1 £ 2.0 %, RH2 + 3.2% and RH3 + 1.1%. Sensor
locations are illustrated in Figure 1. The comparison of experimental data (symbols) with calculated temperature
(red solid lines) and relative humidity (blue solid lines) is also included. Start-up is modelled by increasing the flow
of refrigerant until its steady state value (achieved after 500s) and increasing the condenser heating power until its
steady state (achieved after 2400s).
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Figure 6: Psychrometric chart illustrating the air cycle at 30 minutes (red cycle — a) and 90 minutes (blue cycle — b)
of a 3 kg standard load. Positions 1, 2 and 3 are in Figure 2.



The model correlates the steady state experimental data with sufficient accuracy (Table 5) but
shows deviations when compared with the start-up transient. However, this does not have a
significant influence overall, as the percentage mean absolute errors remain <1.6%, well within
the bounds indicated in similar studies [16—18]. Therefore, approaching the description of the
system with a dynamic model is appropriate for the overall assessment of the performance of
the heat pump washer-dryer with standard load.

Table 5: error between experimental and simulated data
at steady state.

Parameter Mean Absolute Deviation
RH; 2.25%
RH, 0.00 %
RHs 1.09 %
T4 0.65 °C
Ta 0.91 °C
Ts 1.19 °C

The model is compared with the experimental data also in terms of mass of water in the textile
and water evaporation rate (Figure 7). While the mass of water in the drum is followed
precisely by the model, the correlation of the evaporation rate is correct only in the middle part

of the drying.
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Figure 7: Mass of water in textile and water evaporation rate of experimental (symbols) compared to simulated
results (solid lines and dashed lines) for standard 120-minute load of heat pump washer-dryer
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Table 6 reports the values of the main performance indicators for the device. The time required
to reach ‘cotton iron dry’ is 103.5 minutes, the total energy consumed in the drying cycle is
0.828 kWh and the MER and SMER are higher than the values commonly observed with
traditional dryers [19]. These performance demonstrate the benefit of the heat pump in terms

of energy saving.

Table 6: Performance results of the standard load to reach ‘cotton iron dry’ condition. Comparison of calculated and
experimentally measured indicators for the standard load.

Symbol Description Unit Exp. Calc. Error %
Ecycle Total energy consumed to reach ‘cotton iron dry’ state kWh 0.828 0.013 1.57 %
MER Moisture evaporation rate kg h! 0.663 0.673 1.52 %
SMER  Specific moisture evaporation rate kg kWh! 1.381 1.360 1.52%
tdry Time required to reach ‘cotton dry’ condition min 103.5 104.1 0.06 %

The integration of an adsorption bed is an option available to alleviate the heating and cooling
duties of the heat pump. This allows also to store water which can be used in the subsequent
cycle. In dishwashers, a similar energy and water storage strategy has been proved to enable

significant energy savings.

7. Integration of sorption and heat pumping drying

The limiting factor in the dryer of the washer-dryer is the slow evaporation rate of water from
the drum resulting in long drying times. The driving force for this rate is the difference in relative
humidity of water vapour on the textile surface and the relative humidity of the inlet drying air
[16,20,21]. To reduce the time of drying, the relative humidity of the air entering the drum has
to be low. The role of the sorbent bed is therefore primarily to decrease the relative humidity
of the air. A reduction in drying time does not necessarily lead to an energy saving as the bed
must be regenerated, but the presence of the heat pump in the process makes the
regeneration much more efficient than by using an electrical heater embedded in the sorption
bed. The optimal position of the sorption bed is after the evaporator (Figure 1b). In this position
the sorption material can benefit of a stream with relative humidity close to 100%, at
temperatures less than 20 °C. These operating conditions are ideal for water sorption since

materials show their maximal water capacity at low temperature and high relative humidity.

11



Therefore, the previous model was complemented with a set of equations describing the

dynamics and equilibrium of a sorption bed (see equations in Table 7) to check if there is a

theoretical gain when a sorption bed is integrated within the heat pump drying system. The

additional equations follow the assumptions:

1) Pressure drop across the sorption bed is negligible;

2) Thermal equilibrium between across the bed and between the gas and solid;

3) The flow through the bed is homogeneous.

Table 7: equations of the sorption bed

dTped __ aw

(mbedcp,bed+mbedcp,ww) it = MpeqHs

=Sl (2n ()]

va=—(BT+Vi)_1

w

(Weq - W)

dW _ FyDs
at - Ry?
Dy = Dsgexp (—12)

1 1-n
Hg = [AHw,vap tE [ln (WLE,I)]; o [ln (ﬂ)]T]

n Wvg
_ aw
a=v, (B~

t E - mch,m (Tz,bed,out - Tz,bed,in)

(17)
(18)
(19)
(20)
(21)
(22)

(23)

Table 8 includes equilibrium and kinetics parameters of the bed made of the novel sorption

composite material [emim][CH3SOs]/Syloid AL1FP prepared at The University of Edinburgh

and already extensively characterized elsewhere [12]. In this material the [emim][CH3SO3]

ionic liquid is confined in Syloid AL 1FP silica pores.

Table 8: Parameters used in sorption bed model

Symbol Description Value Units

B Sorbed phase specific volume fitting constant -0.74

Cp,bed Specific heat capacity of IL-composite bed 0.924* kJ kg K-’
Dso Pre-exponential constant 44110 m2st!

E Characteristic energy 12.8 kJ kmol!
E. Activation Energy 5307 kJ kmol-!
Fo Geometric parameter describing sorbent 0.02

n Dubinin-Astakhov fitting parameter 0.27

Ro Radius of sorbent particles 25106 m

Wo Saturation uptake 38.78 cm3g’

Note: *assumed

12



Model results show that the introduction of a sorption bed in a heat pump drying system causes
a significant improvement in the drying time (Figure 8) thanks to the increased water
evaporation rate from the textile. Consequently, the time required to reach ‘Cotton dry’ is

reduced by 19 minutes compared with only heat pump drying.
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Figure 8: Simulated 0.5 kg silica-supported ionic liquid sorption bed (red lines) after evaporator compared to
simulation without bed (black lines) for water evaporation rate and mass of water in textile.

However, the temperature change of air throughout the system is negligible and the main
effect of the sorption bed consequently consists of a ~25% reduction of the relative humidity
after the evaporator (Figure 9 and 10). This reduction causes the absolute humidity after the

condenser to be significantly lower than the absolute humidity at the evaporator outlet.

13
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Figure 9: Comparison between calculated 0.5 kg silica-supported ionic liquid bed relative humidity (dashed lines)
and relative humidity without sorption bed (solid lines).
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Due to reduced relative humidity after the condenser, the evaporation of the water from the
drum and consequently the evaporation rate increases. Even at increased evaporation rates,
the relative humidity in the drum decreases due to the dryer air which enters the drum. Since
RH1 is reduced the SHR parameter (see definition in Table 3) increases and the heat
exchanger can operate by exchanging a larger quantity of sensible heat than in the design
without sorption bed. This reduction in the drying time results in an increase in the overall
performance compared to the washer-dryer model without the sorption bed (comparison in
Table 9). The effect of this improvement in the overall performance and energy consumption

in the drying stage, with an increase in MER and SMER.

Table 9: calculation of the effect of 0.5 kg sorption bed on the performance indicators
of a heat pump washer-dryer with standard load. Sorption bed regeneration is not

accounted.

Performance Measure Without With % Improvement
sorption bed Sorption bed

Ecycle (KWh) 0.841 0.688 18.2 %

MER (kg h'") 0.673 0.807 19.9 %

SMER (kg kWh-") 1.360 1.662 26.6 %

tary (min) 1041 85.1 18.3 %

The heat pump is then used for regeneration. Sorption bed regeneration is an energy expense
for the system as fan and heat pump are operating to heat up the bed. If the time of
regeneration is the same as the time saved, then the energy benefit to the system consists
only of the limited use of the drum motor. However, the power consumption of the drum is
minimal compared to the compressor of the heat pump. In order to achieve a significant energy
benefit the regeneration time must be less than the time saved during drying by addition of the
bed. To determine if this is the case, the regeneration is modelled by reversing the heat pump
cycle with a four way valve as usually happens in domestic heat pumps, where evaporator
and condenser are swapped [22]. The results from this calculation show that the bed takes
13.4 minutes to regenerate reducing the overall time required for drying by 5.6 minutes and
consequently the overall energy consumption by 6.9%. Table 10 collects the new performance

indicators showing also an increase in the energy efficiency.
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Table 10: calculation of the effect of 0.5 kg sorption bed on the performance indicators of a
heat pump washer-dryer with standard load. Sorption bed regeneration is accounted.

Performance Measure Without With sorption bed % Improvement
sorption bed including regeneration

MER (kg h'") 0.673 0.697 3.44 %

SMER (kg kWh-") 1.360 1.461 8.23 %

ttot,sorption 1041 985 538 0/o

Total energy consumption (kWh) 0.841 0.783 6.90 %

Conclusions

The combination of sorption and heat pump drying can theoretically reduce the overall energy
consumption by 6.9% in a standard washer-dryer with 3 kg load. This theoretical figure is
inclusive of the energy used for the sorption bed regeneration. Without regeneration the
system takes 19 minutes less to dry the clothes, resulting in an overall energy reduction of
18.3%. The hybrid sorption/heat pump system uses a silica-supported ionic liquid composite
material located in between evaporator and condenser of the heat pump. This leads to a
reduction of the relative humidity of the air entering the drum that leads to an enhanced driving
force for the evaporation of water from the textile. The water evaporation rate in the drum is
the limiting factor during the drying phase. In addition, the increasing of the evaporation rate
leads to a decrease in drying time compared with a standard heat-pump washer dryer. The
results show that for a larger increase of the energy efficiency, the water vapour released from

the sorption bed during regeneration has to be used during the washing.
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Nomenclature

Symbol Description Units

a Thermal expansion coefficient of water in the sorbed phase K

aw Thermal expansion coefficient of water in the vapour bulk phase K’

COP Coefficient of performance

Cp,bed Specific heat capacity of the sorbent kJ kg™ K-
Cp,d Specific heat capacity of the drum kJ kg K
Cp,m Specific heat capacity of moist air kJ kg K
Cp.ref Specific heat capacity of refrigerant kJ kg K
Co,tx Specific heat capacity of textiles kJ kg K’
Cpw Specific heat capacity of liquid water kJ kg' K
Ds Surface diffusivity m?2 s

Dso Pre-exponential kinetic constant m? s

E Characteristic energy of sorption kJ kmol!
Ea Activation energy kJ kmol!
Ecycle Energy consumed during drying cycle kWh

Fo Geometric parameter describing sorbent particle shape

AHretvap Heat of vaporisation of refrigerant kJ kg™
AHw,vap Heat of vaporisation of water kJ kg™
Hst Isosteric Heat of sorption kd kg!

h Specific Enthalpy kJ kg™

v Coefficient of water mass transfer from textiles to air kg s kPa’
kcAc Thermal conductance for heat loss from condenser kd s K*
kdAd Thermal conductance for heat loss from drum kd s K1
MER Moisture evaporation rate Kgwater h™!
Mbed Mass of sorption bed kg

md Mass of drum kg

Mix Mass of dry textiles kg

Mw Mass of water in clothes kg

m Mass flow rate of moist air kg s™
Mref Mass flow rate of refrigerant kg s’

Mw Evaporation rate of water from drum kg s
Muater Initial mass of water in the textile kg s

n Compressor isentropic efficiency %

n Dubinin-Astakhov fitting parameter

Pcompr Compressor power kw

Perum Power absorbed by the drum motor kW

Pran Power absorbed by the fan kW

Poump Power absorbed by the pump kw
Puwasherdarver ~ Total power absorbed by the washer-dryer kw

Pw Partial pressure of water kPa

Pwsat Water saturation pressure kPa

Qrat Latent thermal power of the evaporator kW

Qsens Sensible thermal power of the evaporator kW

R Ideal gas constant kJ kmol'K
RH Relative humidity %

Rp Sorbent particle radius m

SHR Sensible heat ratio

SMER Specific moisture extraction rate kg kJ™!

T Temperature °C

ATsn Superheating of the compressor suction °C

t Time s

to Start time of drying cycle s

tary End time of drying cycle S

toump Time pump is operational during drying S

tiot, sorption Time for drying and regeneration with sorbent bed S

Va Sorbed phase specific volume m3 kg

17



Vw Vapour phase-specific saturated volume m?3 kg™

w Water uptake in sorbent kgwater KGsorbent™”
Wo Water saturation uptake in sorbent m3kg™!

Weq Equilibrium water uptake of sorbent bed kgwater KQsorbent™
Xix Water content per kg of dry textile KQwater Kg textiles™
X Specific humidity Kgwater Kg dry air’!
Subscripts

1 Air condition before evaporator

2 Air condition after evaporator

3 Air condition after condenser

amb Ambient conditions

bed,in Air conditions into sorption bed

bed,out Air conditions out of sorption bed

bed Sorption bed

cond,in Refrigerant condition before condenser

cond,out Refrigerant condition after condenser

D Drum

ev,in Refrigerant condition before evaporator

ev,out Refrigerant condition after evaporator

ref Refrigerant

wsat Water saturation

tx Textiles
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