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A novel concept - disc type sorbent based enthalpy recovery ventilator (SERV) - is presented for the first
time. The proposed SERV is a compact system that includes two separate sections for vapor and heat
recovery, has low pressure drop, and eliminates frozen exhaust issue that affects the performance of con-
ventional heat and enthalpy recovery ventilators in cold climates. A new theoretical model is developed
for the heat and mass transfer in the air channels of the sorbent discs. A sensitivity analysis is performed
to design the main parameters, e.g. channel diameter and spacing, to achieve optimum performance. A
prototype SERV is built and tested in a custom-made experimental set-up designed based on ASHRAE 84
standards. The performance of SERV is evaluated for several air flow rates (3-18 CFM), cycle times, and
outdoor air temperatures down to -15 °C. The SERV prototype - consisting of 2.1 kg of active sorbent ma-
terial and 2 kg of heat storage materials -recovered up to 70% of heat and 80% of moisture from exhaust
air with 60% less pressure drop relative to measured comparable systems in the literature.

© 2020 Published by Elsevier B.V.

Abbreviations
RD Regular density
RH Relative humidity

MRC Moisture recovery capacity, kg/h

MRC* Modified moisture recovery capacity, kg water/kg sorbent
* hour

RPH Revolution per hour

VCOP  Ventilation coefficient of performance

1. Introduction

The building sector accounts for 40% of global energy consump-
tion and 18% of GHG emissions [1]. The global energy demand of
buildings is predicted to increase from 145 EJ in 2013 to 243 E]
by 2050 [2,3]. In Canada, due to the cold climate, space heating
accounts for 61% of the residential energy consumption [4]. In-
ternational Energy Agency (IEA) estimates a 53% reduction in the
energy demand by 2050 can be achieved through implementation
of building codes with far more stringent targets than the current
ones, i.e., improving the air-tightness, insulation, and the energy
efficiency of household appliances [5]. Improving the air-tightness
increases the need for mechanical ventilation to keep the human
comfort per ASHRAE standards [6]. In northern climates, such as
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Canada, Russia, and Northern Europe, the fresh air driven into
buildings should be heated and humidified. Heat/enthalpy recov-
ery ventilators (HRV/ERVs) can be used to reduce the energy con-
sumption. As per ATTMA standard L1, the air tightness of a build-
ing is measured in air changes per hour at a pressure differential of
50 Pascals (ACHsg) [7]. Air-tight buildings with an infiltration rate
of 2.5 ACHsy equipped with enthalpy recovery ventilators (ERVs)
can operate in a cost-effective manner compared to conventional
buildings (7 ACHsq) saving 20 to 40% of heating costs in different
regions of Canada [8].

HRVs can recover 60-95% of the heat, depending on the heat
exchanger performance and climate conditions [9]. In cold climates
(below 0 °C), the energy savings are more significant. However,
there are limitations for HRV operation for high moisture content
of the exhaust air that can lead to frost formation in the exhaust,
as seen in Fig. 1 [10,11]. Desiccant coated wheels or membrane
based ERVs that recover both heat and moisture from the exhaust
air, operate with a lower frosting limit, down to —10 °C, compared
to conventional HRVs [12].

Beattie et al. [11] tested a polypropylene based HRV, a polymer-
ized paper based ERV and two different membrane type ERVs (pro-
vided by dpoint Technologies) with outdoor temperatures between
—5 to —35 °C. In all tested systems frost problem was observed at
operation below —10 °C outdoor temperature. They reported 20%
to 30% of air flow reduction due to ice formation in membrane
based ERVs and HRV after 2 h of operation. With factory set de-
frost strategy HRV had the highest sensible effectiveness (~0.84)
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Nomenclature

Acs Cross-sectional area for air flow, m2

As Cross-sectional area of the sorbent layer flow, m?2
Cpa Air specific heat, J/kgK

Cps Sorbent specific heat, J/kgK

C Constant number

G, Constant number

Cs Constant number

Cy Constant number

d Channel diameter, m

D Disc diameter, m

D, Gas diffusivity of air-vapor mixture, m?2/s
dz Infinitesimal length, m

f Friction factor

h Convective heat transfer coefficient, W/ m2K
hm Convective mass transfer coefficient, kg/ m?2s
Ka Thermal conductivity of the air, W/mK

L Channel length, m

Mg Mass of the sorbent, kg

m Mass flow rate

n Number of cycles

Nuy Nusselt number for constant heat flux

Nut Nusselt number for constant temperature
Pr Prandtl number

Pys Saturation pressure of the vapor in air, Pa
q Heat transfer rate

Qpeater  Heating power, W

s error

Sh Sherwood number

SRET Brunauer-Emmett-Teller Surface area, m2/g
t Time, s

T Temperature, °C

u Air velocity, m/s

Vs Air volumetric flow rate, m3/h

X Coordinate

Xs Water uptake in the sorbent, gy /gs

z Coordinate

Greek symbols

o Thermal diffusivity, m2/s
B Degree of humidification
1) Thickness of the desiccant layer, m
€ Aspect ratio

e Porosity

AH Adsorption heat, J/kg

y Shape factor

AP Pressure drop, Pa

0 Density, kg/m?3

w Specific humidity, gw/kg,i;
Subscripts

a air

BU between units

EA exhaust air

m mass

OA outdoor air

RA return air

s sorbent

SA supply air

w water

and the ERVs had about 0.76-0.78. Latent heat transfer effective-
ness was 0.61 for the polymerized paper based ERV and 0.46 and
0.52 for membrane based ERVs at —25 °C outdoor temperature. At

Fig. 1. Frost formation at the exhaust of an ERV [10].
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Fig. 2. Intermittent operation, “inhale” and “exhale” of air streams, in VENTIREG
and SERV.

extreme cold climates (below —10 °C) potential for energy savings
due to heat recovery increases; however need for a defrost mech-
anism costs an energy penalty and complexity.

Recently, a new enthalpy recovery ventilation system, named
VENTIREG [13], was built and tested in Novosibirsk, Russia (win-
ter temperature down to —30 °C). In this system, heat recovery
and moisture recovery were performed by separate packed beds
consisting of sorbent material, i.e., silica gel, alumina and alumina
impregnated with CaCl, (pellet size 1.8-4.5 mm in diameter and
6-8 mm in length) and heat storage material, glass balls, lead balls
(of 2-4.5 mm diameter) or gravels (irregular shape 4-7 mm in
size). Laboratory and field tests of the system demonstrated 70-
90% moisture recovery and 60-96% heat recovery from outlet to
inlet air streams [13,14]. VENTIREG’s only operating cost was fan
electric power, reported to be 20-40 W for a prototype supplying
80 CFM of fresh air.

The VENTIREG operates in intermittent inhale and exhale pe-
riods as schematically shown in Fig. 2. Due to its high moisture
recovery performance, VENTIREG does not have frost issue for the
tested conditions, down to —35 °C. It was mentioned that scaling
up of this system for larger applications may lead to a decrease
in efficiency; therefore, mathematical modeling is required to op-
timize the bulky packed bed design [13]. For VENTIREG’s packed
bed design, the developing region is negligible and both tempera-
ture and vapor concentration profiles should be considered as fully
developed regions [15]. In the entrance region, where the temper-
ature and concentration profiles are developing, the heat and mass
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transfer coefficients are much higher compared to the fully devel-
oped region [16]. Interrupting boundary layer is a well-known ap-
proach to postpone the boundary layer development to increase
heat/mass transfer [17].

In the present study, a novel compact disc-type sorbent en-
thalpy recovery ventilator (SERV) is proposed to increase heat/mass
transfer coefficients, reduce sorbent materials, and reduce the
needed fan power. The proposed SERV includes separate vapor
(disc-type sorption composite) and heat recovery (gravel) sections
and a fan to circulate the air and operates intermittently similar to
VENTIREG, see Fig. 2. The vapor recovery section consists of 5 com-
posite sorbent discs made of CaCl,, mesoporous silica gel, and PVP
40, 2.5 kg in total. The heat recovery section is packed with 2 kg of
aquarium gravel. Multiple discs, featuring air channels, with spac-
ing in between, are used to interrupt the thermal and concentra-
tion boundary layer development, thus enhancing heat and mass
transfer coefficients. A theoretical model is developed to guide the
design of the sorbent discs and SERV prototype. The sorbent discs
are built and tested in a custom built experimental set-up in our
laboratory, as per ASHRAE standard 84 [18]. The de/sorption per-
formance is notably improved in the proposed SERV, due to en-
hanced heat and mass transfer properties, high uptake properties
of the composite sorbent and air channels that reduce the pressure
drop compared to packed bed design.

2. Theoretical model

A front view of the sorbent disc with identical air channels and
side view of a unit channel with air/sorbent control volumes are
shown schematically in Fig. 3. Air and sorbent control volumes are
connected by heat and mass transfer through the air/sorbent in-
terface. The conservation of energy and concentration of water va-
por equations should be solved to predict the transient tempera-
ture and moisture concentration of air and sorbent layer through-
out the air channels. During the inhale period, the air stream at
the inlet of the channel, return air (RA), is dehumidified as it flows
through the channels. Air leaves the channels as exhaust air (EA)
with less water vapor content. During the exhale period, dry out-
door air (OA), assumed to have recovered the heat in heat storage
bed enters the channel at the opposite inlet of the channel, recov-
ers the water vapor stored in the sorbent walls during the previous
inhale period. Cycle time-averaged temperature and moisture con-
centration of air at the outlet of the channel indicates the EA and
SA conditions of the sorbent bed, respectively. During experiments
at least 15 cycles performed before taking measurements and mass
balance is ensured between inhale | exhale cycles.

The assumptions used to develop the present model are:

» All air channels on the discs are identical; therefore heat and
mass transfer in a unit channel is modeled as a representative
of the entire disc, see Fig. 3. The outlet air condition is consid-
ered as the inlet air conditions for the successive disc.

L symmetry line
> A4
T(t,z) _._.‘_._._._.r.__..f. ______________ 24
v ar (M4l df2 1
w(t,z) z 5.3,_4’_1 I s/2| ]
sorbent 1 |
> s d R I BERRE GRPEA il ..
T.(t.2) dz
X, (t.2)
a) b)

Fig. 3. a) Air channels on sorbent disc, b) air and sorbent control volumes are
shown on a unit channel of the sorbent disc.

+ Laminar flow is assumed in the channel because the Reynolds
number is less than 2,300. Both for modeling and experimen-
tal study, air velocity in the unit channels are between 1.5 to
3 m/s, which leads to Reynolds number in the range 507- 1015,
ensuring laminar flow assumption.

The heat and mass transfer in the unit channel is modeled us-
ing bulk mean temperatures and moisture concentrations of the
air (mean bulk temperature and moisture concentration are as-
sumed for air flow within each discrete dz element, shown in
Fig. 3b.) [19,20]

« Thermal boundary layer and concentration boundary layer de-
velop simultaneously as the Lewis number is approximately
one [19,21]. This assumption is used to calculate the convective
mass transfer coefficient (hy) from the convective heat transfer
coefficient (h).

The axial heat conduction and mass diffusion are neglected (z-
direction) in both air and desiccant control volumes [19].
Thermophysical properties of dry air and dry desiccant are con-
stant, bulk properties are functions of moisture content only.

2.1. Performance matrices

Latent effectiveness, ¢;, and moisture recovery capacity (MRC)
are often used to evaluate the moisture recovery performance of
de/humidification systems, and are defined as:

Wsp — WoA
= ——— 1
- (1)
and
MRC = g (wsa — won) (2)

where m is the air mass flow rate in kg/s, and the w is the specific
humidity ratio (kgwater/Kga;;)-

These parameters do not represent compactness and the fan
power consumption, which is the only operating system cost.
In this study, a new parameter, ventilation coefficient of perfor-
mance (VCOP), and non-dimensionalized moisture recovery capac-
ity (MRC*) are presented to evaluate the performance.

Mq(hsa — hoa)

VCOP = - :
Vo AP + g (hga — hsa)

(3)

Mg (wsa — Woa)

MRC* = M;

(4)

where h is the enthalpy of moist air in J/kg, M; is the active sor-
bent mass (kg). The fan power consumption is expressed due to
the pressure drop AP(Pa) and V, (m3) the volumetric flow rate.

_ Wsp — Wop
p=— (5)

Degree of humidification () is defined to represent the amount
moisture desorbed from the adsorbent with respect to the amount
of moisture ejected from the room [14].

2.2. Governing equations

Conservation of mass and energy laws are applied to the con-
trol volume shown in Fig. 3b, and the following set of governing
equations are derived based on the previous studies on heat and
mass transfer at air-sorbent interfaces [19,22-27]:

. . w Jw
Air, mass conservation paAcsa—ta + upaAcsa—za

+ hmrrd(wq — ws) =0 (6)
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Fig. 4. a)CaCl,- silica gel composite isotherm, and polynomial fit shown on the reversed axis for the range of operation.

Sorbent, mass conservation Asdz[psfg)f]

+ hpdmdz(ws — wg) =0 (7)

where u, pq, wq are the velocity, density and specific humidity of
the air, ws is the equivalent specific humidity in the sorbent, re-
spectively. Channel cross-sectional area As and the channel diam-
eter d are geometrical parameters. hy, is the convective mass trans-
fer coefficient for the air-sorbent interface. In the sorbent control
volume; A is the cross-sectional area of the sorbent layer, ws (g/g
dry air) is specific humidity in the pore volume in gas form and X;
(g/g sorbent) is the water uptake in the sorbent material, respec-
tively.

Energy balance in air and sorbent control volumes are written
in Eqs. (8 and 9):

Air, energy conservation ,oacp,aAcs% + u,oacp,aAcs%
+ hmd(T, - T;) =0 (8)
. 0Ty
Sorbent, energy conservation ,Ost,sAsW —hrd(T, - T;)
0X.
- ps,dryAsT;AHads =0 (9)

In the sorbent wall, there is an additional source term to ac-
count for heat source/sink due to the heat of adsorption (AHg;).

By means of psychometric relations, vapor partial pressure
(P/Pg) in the sorbent can be used to calculate specific humidity in
the sorbent (w;s), where saturation pressure (Pys) is a function of
sorbent temperature:

0.62188(P/R
o, = 282188C/R) (10)
(7 - %)
va — e(23419673816.44/(7ﬂs*46413)) (11)

Water sorption isotherm of the CaCl,-silica gel composite is
measured using a thermogravimetric analyzer (IGA-002, Hiden
Isochema) and the isotherm is plotted in Fig. 4a. As shown in
Fig. 4b, a 4th order polynomial was fitted to the reversed axis
isotherm data to express a correlation between vapor partial pres-
sure (P/Py) with water uptake (X;):

PE =0.0086 + 0.2824X; + 2.4271X;*> — 2.7958X,> + 0.8803X;*
0

(12)

Table 1
Coefficients based on boundary conditions and channel shape [28].

Coefficients based on boundary conditions

Uniform wall temperature C3=0.409, C;=3.24 f(Pr) = — 0364 __
[1+(1.664Pr!/%)™]
Uniform heat flux C3=0.501, C;=3.86 f(Pr) = 0.886

9229
[14(1.664P"/6)"?]

Coefficients based on channel shape

y=1/10 C=1 Cy=1

2.3. Heat and mass transfer coefficients

Muzychka and Yovanovich [28,29] developed an analytical
model that predicts Nusselt number (Nu) for combined entrance
region by combining the asymptotic results for laminar boundary
layer flow and Graetz flow for the thermal entrance region (L;). Us-
ing the square root of the channel cross-sectional area as the char-
acteristic length, solutions for similar geometries collapse onto a
single curve, friction coefficient (fRe) and local Nu can be calcu-
lated as a function of aspect ratio ( € ), and shape parameter (y):

P , 1/2

fRey = 12 + ﬁ

T\ Veds o1 - 2= tanh (£)] N
(13)

m 1/3
Nu(z') = (C‘”;(Zfr)> + czcg(fzfe)
fRe 5\""* .
o)) "
3 2

L[:19.80<%) I (14 e)z[l - 1?Tzsetanh (2”—6)] (15)

The constants based on the boundary conditions, air properties
and channel shape are presented in Table 1.

At the sorbent air interface, neither heat flux nor the tempera-
ture of the sorbent wall is constant. Therefore, an averaged Nusselt
number is used to estimate the convective heat transfer coefficient
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(h). 2.4. Initial and boundary conditions
Nu = Nur + Nuy (16) At both ends of the desiccant channel, shown in Fig. 3, insulated
2 and impermeable boundaries are considered [9]:
0T, Odwq
h = keNu/d, (17) a7 = ot C 0,atx=0,L (20)

Energy, mass and momentum equations in laminar boundary
layer are similar. Reynolds analogy that is used to link the heat
transfer coefficient (h) to friction factor (f) can be extended for
mass transfer [30]. Mass transfer coefficient (hy) can be related to
heat transfer coefficient (h) by Lewis number (Le) which is the ra-
tio of thermal diffusivity (o) to mass diffusivity (D,). For air, the
Lewis number is close to 1, therefore Sherwood number is equal
to Nusselt number and following relation can be written [19]:

h

hp= —--—=
" 0aCp.ale?3

(18)
where, gas diffusivity of air-vapor mixture, D, is calculated using
the following relation [25]

1.81
Dy = 2.302@<1) 103

P\T, (19)

Periodic process and regeneration air conditions are applied as
inlet conditions with the reversed flow direction. Tg4 and wg,4 are
return air inlet temperature and specific humidity; Tps and wgy are
outdoor air inlet conditions and n represent the number of cycles.

L

= Toa _
W0 = Won att = 0 + Nteyqe (21)
To=T,
(UZ — wR:Aatt = tinhate + m:cycle (22)

Coupled energy and mass balance equations are discretized
along the disc thickness using a finite element method. Mathemat-
ical equations are written and solved in Matlab 2018a. Four partial
differential equations (energy and mass balance equations) along
with the desiccant isotherm equation are solved for five variables
(Ta, Ty, @, ws, Xs) using 4th order Runge-Kutta iteration method.
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Fig. 7. Sorbent disc geometry, d = 5 mm, s = 22 mm, D = 203 mm, L = 27 mm.

3. Parametric study

A preliminary parametric study was performed using the above
theoretical model. The diameter of the disc is chosen as a constant
design parameter, 8”, considering the size of the experimental set-
up built in our laboratory and the available size of molds to build
the discs.

The performance of sorbent discs with air channel diameter
varying from 2.5 mm to 20 mm is studied and plotted in Fig. 5.
The air velocity per channel was kept constant, 2.5 m/s, by de-
creasing the number of channels as the channel diameter increased
[31]. The constant parameters are listed in Table 2. The total air-
sorbent surface area (Ag) in the channels is the largest for the de-
sign with the smallest size and highest number of channels, 3.5

Table 2

Constant design parameters for sensitivity analysis.
Disc diameter (D) 203.2 mm (8”)
Disc thickness (L) 25 mm

Return air temperature (Tga) 22 °C

Return air specific humidity (wgra) 8.6 gw/kga
Outdoor air temperature (Toa) —10 °C
Outdoor air specific humidity (woa) 1 gw/kga
Between units temperature (Tgy) 13 °C
Half cycle time (thaiteycle) 60 s

Air velocity in the channel (u,) 2.5 m/s

cm?. As decreases as the channels size increase and the number of
channels decrease. The smallest As for this study is 0.25 cm? for
the 20 mm diameter channel design. As shown in Fig. 5, the MRC*
decreases with an increase in channel diameter due to a decrease
in the number of channels and As. The effect of pressure drop is
included in VCOP calculation as fan power. As expected, VCOP has
a maximum (for 5 mm channel diameter) that indicates an opti-
mum moisture recovery that is achieved with minimal fan power.

Due to manufacturing limitations, for this study, the average
disc thickness (L) is measured 27 mm for all the designs, which is
shorter than the entrance length (L;) calculated by Eq. (15) above.
The overall thickness of the sorbent discs unit is determined by
the number of the sorbent discs. The increase in the number of
discs is investigated in terms of MRC* and VCOP (see Fig. 6), for

T, RH T, RH T, RH
Environmental = ! ! ! m C> Environmental
Chamber | ) i e Chamber II
(Outdoor Heatbset:rage Sorbir;tddxscs (Indoo‘r
conditions) conditions)
[t [ [2
5 o]
Fan Fan
T :thermocouples
) :inhale air flow direction ' : orifice plate
RH :RH sensor
«=x :exhale air flow direction
T . pressure transducer
a)
: Heat storage | | Sorbent discs ;
‘|Environmental bed Environmental
chamber 2
outdoor air (indoor air \ '
onditions) conditions) -

b)

Fig. 8. a) Schematic of the testbed, b) photo of the custom-built testbed in our laboratory.
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Fig. 9. Performance of the SERV at various air flow rates a) MRC*, b) ¢, c¢) VCOP.

three different air flow rates, 10, 20, 30 CFM. At higher flow rates,
the sorbent discs are in contact with a higher amount of moisture,
therefore, there is a higher potential for moisture uptake. However,
the increase in the total mass of the discs is larger than the in-
crease in the moisture uptake, therefore, MRC* decreases.

The laboratory scale experimental set-up is designed to test the
performance of SERV for up to 20 CFM. For the sorbent discs unit
built with 5 discs, the VCOP drops about 15% as the air flow rate
increases from 10 to 20 CFM. When the number of discs increases,
the VCOP at different flow rates approaches its maximum. How-
ever, the increase in the total mass of the sorbent results in a de-
crease in MRC*. Therefore, about 15% decrease in VCOP is found
tolerable, and 5 sorbent discs are built for the laboratory scale
tests.

4. Sample preparation and experimental set-up

The sorbent disc is comprised of 55 wt% mesoporous silica
gel (SiliaFLASH B150, Silicycle Inc.), 30 wt% CaCl, and 15 wt%
polyvinylpyrrolidone (PVP) binder (40,000 MW, Sigma-Aldrich).
Water was added to the combined materials to prepared a slurry
that was poured into an aluminum baking container. The air chan-
nels were formed by inserting 69 glass rods of 5 mm in diame-
ter. The mixture was oven dried and cured with three temperature
steps, 80, 120, and 150 °C. The geometrical features of a sorbent
disc is shown on Fig. 7. Each disc weighed 516 + 15 g and had
a density of 616 + 19 kg/m3. The macroporous structure of the

discs can be observed in the side view in Fig. 7. During the drying
process the CaCl, is deposited in the mesopores in the irregular-
shaped grains of silica gel (0.2-0.5 mm). The vapor released during
drying contributes to the creation of intergranular pores through-
out the disc.

Nitrogen adsorption isotherms were measured with an Au-
tosorb iQ-MP (Quantochrome Instruments) shown in Fig. 4a in
the modelling section. Porosimetry for micropores and mesopores
were measured by nitrogen porosimetry. The pore volume of the
composite calculated from the nitrogen adsorption isotherm was
0.4434 cc/g (P/Py 0.976, pores with radius < 41.7 nm). The BET
(Brunauer, Emmett and Teller) the specific surface area (Sggr) of
the composite was 103.613 m?/g with a mean pore diameter of
171 A.

The sorbent discs featuring air channels were mounted in a
custom-built test bed as shown in Fig. 8 and tested as per ASHRAE
84 standards [18] to measure the performance of the proposed
SERV. An environmental chamber (Thermotron© Model XSE-3000-
10-10) was used to supply outdoor air down to —15 °C, 80% RH
up to 30 CFM. Indoor air condition, 20-22 °C and 35-50% RH,
was prepared and supplied in the second environmental chamber
(ESPEC© Model EPX-H2). Inhale and exhale air streams were sup-
plied by two intermittently operating fans (Airflow Measurement
Systems Inc.) connected to each environmental chamber. Voltage
regulators were connected to the fans to adjust the flow rates in
each air stream. The air was driven to the environmental chamber,
passed through the test section and reached to the environmental
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Fig. 10. Performance of the SERV for various half cycle times a) MRC*, b) ¢, c) VCOP.

chamber at the other end. In the second half cycle, the flow was
reversed by operating the second fan. Air flow and pressure drop
were measured with an orifice plate (4” Oripac© model 4150) and
a differential pressure transducer (Setra Model 267), respectively.
The test bed had two RH sensors (Vaisala, HUMICAP® HMP110)
and twelve T-type thermocouples (Omega Engineering). The heat
storage bed consisted of 2 kg of aquarium gravels in an 8" diame-
ter circular duct held by metal meshes.

5. Performance analysis
5.1. Flow rate variation

The flow rate of the air, passing through the sorbent bed is
one of the most critical parameters that affect the performance of
SERV. Similar to membrane or desiccant wheel type ERVs, SERV
should be sized based on the minimum required air flow rate. For
the sorbent discs placed in the test set-up, a set of experiments
were performed with air flow rate varying from 6 to 17 CFM. In all
the tests, the indoor air conditions were about 20-22 °C, 26-35%
RH, 4.7-5.1 gw/kg,. The outdoor conditions were —3 to —7 °C, 50
- 65% RH, 1.2 - 1.7 gy /kga. The present theoretical model was run
for air flow rates from 0 to 20 CFM. A maximum flow rate, 20 CFM
was chosen to keep the air flow in the laminar flow regime to be
able to compare with the theoretical model as well as mechanical
strength concerns of the sorbent discs.

Performance of SERV in terms of &, VCOP and MRC* for air
flow rates varying up to 20 CFM is shown in Fig. 9. As expected,
at higher flow rates, the amount of water vapor that could be cap-

tured from the air is higher. Therefore, the sorbent discs can cap-
ture more water vapor resulting in an increase in MRC*. However,
the increase in water uptake is less than the increase in the total
amount of water vapor in the air at higher flow rates. Therefore,
both latent effectiveness and VCOP have a decreasing trend.

5.2. Cycle time variation

SERV is an intermittently operated device and operates sequen-
tially, equally timed inhale and exhale periods. Effect of half cy-
cle time ranging from 30 s to 300 s was studied. In all the tests,
the indoor air conditions were about 21-22 °C, 27-32% RH, 4.6-5.5
gw/Kkga. The outdoor conditions were —4 to —8 °C, 50 - 60% RH, 1.1
- 1.4 gw/kga.

For all the studied flow rates, the highest performance was
achieved at a shorter cycle time as shown in Fig. 10. At the be-
ginning of the inhale or exhale period, the vapor pressure differ-
ence between the air and sorbent is the highest. As the half cycle
time increases the vapor pressure difference between the air and
sorbent decreases that reduces the mass transfer rate. Therefore, a
SERV operating with shorter cycle time has a higher mass trans-
fer rate. As the cycle time increases MRC* decrease and eventually
reaches a plateau. The latent effectiveness and VCOP have similar
decreasing trend with increasing cycle time.

6. Outdoor temperature variation

A set of experiments were performed at outdoor temperatures
—21 °C to 9.6 °C, with the outdoor specific humidity ranging from
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Fig. 11. Performance of the SERV at various outdoor temperatures a) MRC*, b) €, c) VCOP.

1.4 to 3.2 gw/kga accordingly. The air flow rate was constant at
about 8 CFM for all the tests.

The performance of SERV at several winter outdoor conditions,
—20 °C to 10 °C corresponding to specific humidity of 1.4 gw/kga
to 3.2 gw/kg, are shown in Fig. 11. The MRC* increases with a de-
crease in outdoor temperature. The specific humidity of the air de-
creases when the temperature decreases, therefore the humidity
gap between indoor and outdoor enlarges, causing a higher need
for humidity recovery. The ¢ and VCOP are a function of the hu-
midity gap; therefore, the increase in the uptake does not affect la-
tent effectiveness and VCOP significantly. The outdoor air condition
variation analysis shows that SERV can operate at several different
climates without significant deviation in the performance.

7. Comparison with a packed bed system

The proof of concept SERV system comprised of air channeled
sorbent discs bed compared with a similar system based on a
packed bed, called VENTIREG, made of alumina oxide impregnated
with CaCl, (Al,03/CaCl, (IK-011-1)) that was built and tested in
Russia by Aristov et al. [14]. The packed bed of Al,03/CaCl, (IK-
011-1) with cylindrical pellets, 1.8 mm in diameter and 6 mm in
length; ~3 kg in total was tested for air flow rates ranging from 3
to 18 CFM.

The humid indoor air conditions were 20-22 °C, 27-30%RH,
dry outdoor air conditions were 17-20 °C, 1.0-1.4%RH. The in-
door and outdoor conditions of the present experiment differ from
the conditions tested by Aristov et al. [14], however, the spe-

cific humidity difference between indoor and outdoor air con-
ditions was similar (4.2-4.6 gw/kga). The performance parame-
ter, B, defines the humidification rate per the available humid-
ity in the RA [14]. Whereas, the latent effectiveness ¢ defines
the dehumidification rate per the humidity gap between indoor
and outdoor air. Therefore, the latent effectiveness ¢, would be a
more fair performance indicator to compare the present work with
[14].

The performance of the sorbent discs (SERV) is compared to the
packed bed of Al,03/CaCl, (IK-011-1) (VENTIREG) previously re-
ported by Aristov et al. [14]. At flow rates ranging from 3 to 18
CFM, both sorbent beds have similar & and VCOP performance
as shown in Fig. 12a-b. As noted, in the present work the indoor
and outdoor air conditions are not the same as the conditions of
the VENTIREG test. As expected, the performance of the SERV is
poorer than VENTIREG in terms of 8. Further improvements on the
testbed would be a valuable future work to be able to compare the
systems at the same indoor and outdoor air conditions.

The compactness of the systems can be better compared us-
ing MRC*; sorbent disc design (SERV) has 2.1 kg active material
compared with the 3 kg packed bed of Al,05/CaCl, (IK-011-1). As
shown in Fig. 12c-d, the MRC* of sorbent discs (SERV) is up to
30% higher than that of the packed bed (VENTIREG) of Al,03/CaCl,
(IK-011-1). It means that sorbent discs have similar water sorption
performance as indicated by ¢; . however, the sorbent discs design
is more compact with about 30% less sorbent mass. Considering
a 50 to 70% lower pressure drop as shown in Fig. 12d. It can be
concluded that the proposed SERV air channeled sorbent discs is
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Fig. 12. Performance matrices of the proposed SERV compared against packed bed design (VENTIREG) by Aristov et al. [4].

a promising design for a scaled-up system that requires less fan
power.

8. Conclusion

A proof of concept for an air-channeled, disc type sorbent en-
thalpy recovery ventilation system (SERV) was proposed as a po-
tential replacement for pertinent heat or enthalpy recovery venti-
lators (HRV/ERV) that require defrosting mechanisms. A theoretical

model for heat and mass transfer in air channels of sorbent discs
was developed to design the proposed SERV. The air-channeled
sorbent discs were built and tested at several different air flow
rates, cycle times, and outdoor air conditions down to —15 °C. For
the tested conditions, the sorbent discs based SERV can recover
up to 70% of the heat and 80% of the moisture, being in a simi-
lar range compared to the packed bed system VENTIREG. However,
the SERV offers a 60% less pressure drop and 30% less active mate-
rial.
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