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New TRNSYS Types to simulate
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:~&& Why Air-To-Air Energy Recovery?

= Modern buildings:
Well insulated

|AQ becomes more important
= Strict ventilation standards
= Often more than 30 m3 h-' pers-?
= Comfort > Temperature AND humidity

- Ventilation is responsible for a large fraction of HVAC
energy use
= Solution: Energy recovery
- Heat exchanger between inlet air and exhaust air
Humidity and Temperature: Enthalpy exchanger
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&l 2 Different approaches WiSCONSIN
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= Enthalpy exchanger
Rotary heat and mass exchanger (regenerative)
Requires exhaust and inlet flows to cross each other
Well adapted to new buildings
“Total solution”: Heat and mass transfer

= Runaround loop
- Two air/water heat exchangers + water loop

- Well adapted to existing building where ventilation
ducts cannot be modified

- No “humidity recovery”
No cross-contamination is possible
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zo&s. Rotary Enthalpy Exchanger ViscOnsin

= Cylindrical Wheel

OAIn <P, OA out -« Numerous parallel
‘ Rotation channels
Matrix _
EA out G EA,in Each hglf workls
intermittently in each flow
(regenerative)

= Matrix:

Desiccant coated
Aluminum foil

' 7

Polymer membrane with

= ‘i desiccant substance (e.g.
silicagel or molecular

sieve)
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Aluminum wheel matrix has higher capacitance  works better at lower rotation speed

20 to 25 rpm

What is speed for polymer? 14??

Problem with high speed is that more air entrained from in to out and out to in 

Problem with low speed is that equations are not applicable, decreased efficiency (heat and mass transfer occurs because of a gradient between matrix and flow, if too slow then equilibrium)

Molecular sieve (tamis moléculaire)

How Does It Work?�Molecular Sieves are synthetically produced Zeolites characterized by pores of uniform dimensions.  Their unique structure allows the water of crystallization to be removed, leaving a porous crystalline structure.  These pores, or "cages", want to re-absorb water or other molecules.  Aided by strong ionic forces, the Molecular Sieve will absorb a considerable amount of water or other fluids.  If the fluid to be absorbed is a polar compound, it can be absorbed with high loadings even at very low concentrations of the fluid.  This strong absorptive force allows Molecular Sieves to remove many gas or liquid impurities to very low levels (PPM or less).


&8 The Enthalpy Exchanger Matrix WSCONSIN

= Polystyrene membrane
coated with silicagel

corrugated aluminum
coated with a molecular
sieve
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Polystyrene: The concentric annular channels between the straps are 0.329 mm wide, small nubs on the straps maintain the gap 


&R Some psychrometric charts Wisconsiv
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HEATING

Psychrometric chart representing state points of outside air and exhaust air during heating mode operation. Outside air is -10C, 80% RH, inside conditions are 21C, 50% RH. Ventilation air outlet state is 13C, 65% RH.  Effectiveness of the enthalpy exchanger is 75% 



COOLING



: Psychrometric chart representing state points of outside air and exhaust air during cooling mode operation. Outside air is 30C, 80% RH, inside conditions are 21C, 50% RH. Ventilation air outlet state is 23C, 62% RH. Effectiveness of the enthalpy exchanger is 75%. V



Straight lines: some hypotheses: Lewis number = 1 (Lewis number = ratio between mass and heat NTU’s


z°&& An interesting problem: freezing
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Solutions

Lower rotation
speed (lower
effetiveness)

- Preheat outside
air (preferred
option)

Usually happens
for Tamb < -10°C
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Frost buildup



Preheat preferred because only slightly reduces effectiveness and other heating coils do not have to be oversized
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= Effectiveness (Heat and Mass transfer)

Toa.in—ToA, ou

&r = OA,in ' OA
) ,out
Toa in—TEA, in .
Rotation
WOA, in — WOA, out Matrix EAn
Ew = EA,out ‘ ’

WOA, in — WEA, in

= Counter-flow Heat exchanger with a correction

factor
c. correction factor
1 — gNTU(1-C)) .
€= C Note: one effectiveness for
1-C o(NTU (1-C)) Temperature, one for
humidity
exe o TRNSYS o B



Note: you need 2 effectiveness's, for temperature and mass transfer


&l Model parameters / limitations

= What do you need?

- 2 experimental data points
= catalog data
= ARI tests (Air Conditioning and Refrigeration Institute)
= Not “just” a curve fit (c is adapted for unbalanced flows)

= Limitations
- Not usable to design an enthalpy exchanger

- Flow rates close to experimental data range

= Implicit assumption that UA is constant (laminar flow rate
at all times)

Sufficient rotation speed
- Recommended rotation speed for enthalpy exchangers
= Lower speed would significantly decrease ¢
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~&E Integrated controls

= 2 problems

- When cooling is required with Tamb < Tbldg
= “Economizer” mode (bypass the enthalpy exchanger)
= Take humidity into account!

Freezing
= Preheating or reduced effectiveness (choice in the model)

= Extra inputs for economizer mode
- Building “heating point”
Building “balance point”
(see manual and proforma for details!)

= Other output: pressure drop
- based on 2 data points
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Z*&E. Economizer operation WiSCOsIN

MADISON

Temperature [C] Effectiveness, RH [%]
—_— T_\-"EﬂtilatiDﬂ = Effectveness
— T_outside =il
30.00 100.0
24.00 g0.0
=
= &
= i
= 158.00 60.0 v
5 o
© >
5 c
L
g =
o 1200 00 B
5 =
(1T}
.00 200
0.00 0.0
0.00 a7 714 10.71 14.29 17 .86 2143 25.00
Simulation Time = 250, hr
S = T T
ke TRNSYS = s



Exhaust condition: 21°C, 50% RH

displays economizer operation under the same exhaust conditions as Figure 4.15, for rising outside air temperature from 0C to 25C and constant 60% outdoor air RH. The heating point and balance point for economizer mode are set to 5C and 13C. 


z°&& Runaround Loop Wisconsn

= Heat exchange only
Exhaust Air Coil - Preheating (wintertime)

Precooling (summertime)
EA,.

- EA. - Reheat (summertime)

Pump - Replaces long air ducts by
. long water pipes (more
Fluid Loop 3-Way efficient)
Valve

= 2 Heating / Cooling coils

= Control variables

OA,, - -OAOut - Water flow rate (pump or
bypass)

Outside Air Coil - Air bypass
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3 way valve for frost control.

Varable speed pump also Ok but lower effectiveness


«~&® Runaround Loop Model

|
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C in,lgl Cmin,282 C
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= Effectiveness approach €, =

= g1, €2: effectiveness of each coil

= Model data:

Geometrical coil data
Design conditions

= The model
Computes heat exchange coefficients (air / liquid)
Takes condensation into account: wet coil operation
Computes Pump and fan power (needs 1 data point)
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~&E Integrated controls WisCOnsiv

= Economizer mode and frost protection
- Similar to Enthalpy exchanger controls
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~&H. Application example Wiconsi
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= Madison zoo

Energy Demand vs Ventilation Rate
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MADISON

~&& Enthalpy Ex vs. Runaround Loop Wisconsiv

— 5.0E+08
e 4.5E+08 —e— Heating EX
: 4.0E+08 —m— Cooling EX
. +
S Heating, normal
o E 3.5E+08 Cooling, normal
- TR = 3.0E+08 |
R - =
N 5 2.5E+08 -
e e T 2.0E+08 -
1.5E+08
L
5 OE+08 1.0E+08 - /\\
4.5E+08 —e—Heating RL 5.0E+07 - g
—m— Cooling RL ol \V
4.0E+08 Heatt 0.0E+00 # - %——% —_— e
eating normal ) 5 3 4 5 6 7 8 9 10 11 12
3.5E+08 Cooling normal billi th
illing mon
5 3.0E+08 - I
2 Savings
3 2.5E+08 -
[ 1\ .
. o (o)
£ 2.0E+08 \ — EEx: 75% Heat, 25% Cooling
1.5E+08
. \ /,/ \ \// RL: 55% Heat, 5% Cooling
X
5.0E+07 - ) >
-
e S .« EEXx also reduces Peak Power

0.0E+00 = = —— I

1 2 3 4 5 6 7 8 9 10 11 12 from 65% (H) and 45°/o(C)

billing month

e, |

&

TRNSYS

|
g
1t
=
it




~&m Conclusions WISCONSIN

= 2 Types are included in TRNLIB

- Available on the website: hitp://sel.me.wisc.edu/trnsys
(Go to TRNLIB)
- Code, Manual + |1SiBat Proforma

= More details?
- Sebastian Freund’s MS (available on the SEL website)
http://sel.me.wisc.edu/ (Go to “Publications”)
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