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1 Introduction

As temperatures rise and climate change accelerates, the risk of overheating in buildings becomes a critical
concern. Traditional passive cooling methods may no longer suffice in some cases, necessitating the adoption
of more active systems like Mixed Mode or DX-assisted ventilation. Mixed mode systems can be considered
where natural ventilation provides sufficient cooling and ventilation during certain times of the year. These systems
switch as needed between natural ventilation and mechanical cooling. In contrast, DX-assisted ventilation is a
mechanical-only system that supplies outdoor air to the building. When the outdoor air is not cool enough, the DX
cooling coil provides supplementary cooling.

This guide describes how to model a DX-assisted ventilation system with heat recovery using DesignBuilder’s
Detailed HVAC tools.

DesignBuilder offers two HVAC system specification options:

1) Simple HVAC
2) Detailed HVAC

To model DX-assisted ventilation units, it is necessary to use the “component by component” modelling approach
enabled by Detailed HVAC.

The HVAC layout schematic for a DX-assisted ventilation unit system is shown below.
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Figure 1 HVAC System Layout

This guide provides a step-by-step tutorial showing how to specify the required model data inputs.
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2 Model Options

The “HVAC level detail” can be changed in “Model Options”. You should use the “Detailed” HVAC option as shown
below.

The “Detailed HVAC Activity Data” should be left as “1-Simple HVAC Data”.

Note that an HVAC module license is required to access Detailed HVAC.

Medel Options - Building
Model Options
Heating Design || Cooling Design || Simulation || Display || Drawing tools Project details

Construction and Glazing Data

Gains Data
Gains data Early gains
W Internal gains are separated into various ies {e.q. . lighting,

Lumped Early Detaileg  OMPUting etc.)
Gain definition lewvel 1-Globally in model options ©
Occupancy method J-Mumber of people -
Occupancy latent gains 2-Fixed fraction ©
Equiprment gain units 2-Ahsolute zone power ©
Lighting gain units . 1-Fower density -

HVAC Detailed HVAC
n Y FnergyPlus HVAG systems are defined graphically using components
Simple Detailed
Detailed HWAC activity data 1-Simple HYAC Data -

[ Run free (disable detailed HWAC systarm)

MNatural %entilation and Infiltration

Matural ventilation Calculated ventilation
- Matural ventilation and infilbration air flow rates are calculated based on opening
and crack sizes, buoyancy and wind p

1
Scheduled Caleculated

Infiltration units 2-m3fh-m2 at 5l Fa v
Aittightness method 1-Template slider -

Imported Surfaces

Help Cancel 0K

Figure 2 Model Options
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3 HVAC System Layout

The MVHR ventilation system is built using the “Generic” VAV Air Loop with the following components:

e Heat Recovery Heat Exchanger

e DX Cooling Coil to provide active cooling
e Setpoint Manager

e Return plenum

3.1 Air Handling Unit

The AHU can be accessed via the model layout or the navigator tree:

=-4® Detailed HVAC
E-Tg <HWAC System:

. =% Air Loop
. E-g Air Loop Demand Side

stttz Laon o ide

Figure 3 Navigator Tree

Generic air system attributes are defined at two levels:

1. Air Loop level — sizing parameters, this specification is less important for our case as most inputs will be
hard-set
2. Air Loop AHU level — general unit specification

The Air Handling Unit dialog includes two tabs, “General” and “Outdoor Air System” as shown in the screenshots
below.

The unit “Design supply air flow rate” is defined in the “General” tab:

Edit Air handling unit -

Air handling unit

Outdoor Air System
General
Mame Air Loop AH
Fan type -ariable valume -
Design supply air flow rate (m3/s) 0.05560

Opers

[ Awailahility schedule On 2447

Might Cycle
[ Sn
Extract Fan
Include extract fan

Mixed Mode Zone Equipment

[ tixed mode on

Figure 4 Air Handling Unit Dialog
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Heat Recovery specification is set up on the “Outdoor Air System” tab:

Edit Air handling unit -

Air handling unit

Outdoor Air System

.r. DesignBuilder

Fecirculation
[ on

Heat Recowvery

On
General
Marminal supply air flow rate (m3/s) Autosize
Mominal electric power () 0.00a

Supply air outlet temperature contral —res
Supply air outlet setpoint temperature schedule Heating control temperature schedule: I

Heat exchanger type -Flate

Economiser lockout 2-Mo
Effectiveness

sensible
at b3 Heating air flow
at 75% Cooling air flow
at 100% Heating air flow

at 100%: Cooling air flow
Latent

at 7% Heating air flow 0.000
at /5% Coaling air flow 0.000
at 100%: Heating air flow 0.000
at 100% Coaoling air flow 0.00a
Frost Control
Frost contral type 1-ane
Threshold temperature ["C) 1.70

Heat Recowvery Operation

[14] Aevailability schedule On 2447

Figure 5 Heat Recovery Specification

The “Supply air outlet setpoint temperature schedule” can be adjusted to control the passive heat recovery

setpoint.
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3.2 DX Cooling Cail

The “AHU” sub-components can be accessed via the model layout or the navigator tree:

=} ﬁ Detailed HYALC
EHEg <HVAL Spstem>
=%, Air Loop
-z Air Loop Demand Side
El ------ 1 Air Loop Supply Side
El . 2" Air Loop AHU
P @ A.lr Luup AHU Extract Fan

H Air Luup AHU letaul Euulmg Coil

Figure 6 Cooling Coil Navigator Location

The coil capacity needs to be adjusted per the manufacturer’s specifications:

Edit DX Cooling Coil -

DX cooling coil
DX Cooling Coil

General

Ajr Loop AHL Unitary Cooling Coil

1-Single speed =
1860.0
Stosize

Mame

Coil type

Fated total cooling capacity (W)
Fiated sensible heat ratio (SHE)

Gross rated COP 2.7000
Rated air flow rate (m3/s) Autosize
773.300

Fated evaporatar fan power perwolume flow rate MW/ (m3/s))
) per ation

ﬁjAvaHablllty schedule On 247

Il [£JTotal cooling capacity function of temperature curve Di=ClgCoil TotalClgCopFuncTemperature

[£] Total coaling capacity function of flow fraction curve
[C]Enety input ratic (EIR) function of tempersture curve
[C]Eneray input ratia (EIR] function of flow fraction curve
|_|Par‘t load fraction correlation curve

radation

Fun on sensible load
1 Bun on latent [aad

[ Usze DX cooling coil for DOAS

DxClgCail TotalClgCapFuncFlowFraction
CixClgtoilEnergyinputRatiocFuncTemperature
DiClgCoilEncrgyinputRatioFuncFlowFraction
DCoilPartLoadFractionCarrelation

1-Air cooled @

DesignBuilder v7.3

Figure 7 Cooling Coil Specification

DX-assisted MVHR Workflow



.r. DesignBuilder

3.3 Setpoint Manager

Air Loop Setpoint Manager

Air Loop ARU (VAV)

Figure 8 Setpoint Manager

The Air loop setpoint manager controls the unit supply air temperature.
The “multi-zone” control considers the setpoint temperature in all connected zones.

For cases with a single thermostat control, change the Setpoint Manager Type to “Single zone cooling”.

Edit Setpoint manager -

Setpoint manager
Setpoint Manager

Mame Alr Loop Setpaint Manager

Twpe 13-kulti-zone coaling average “
Control wariakle 1-Temperature -
Minirmurn supply airtemperature (C) 12.00

baximum supply airtemperature [7C) 35.00

Figure 9 Setpoint Manager Inputs

DesignBuilder v7.3 DX-assisted MVHR Workflow 8
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3.4 Return Plenum

To account for the return air being transferred through common spaces, DesignBuilder includes the “Return
Plenum” component.

Y, 1
A\ Air Loop Setpoint Manager
— ||
N
A |la N 2
A 7
N O—e J‘v-p VA
Air Loop AHU (VAV) A 7
N 7
H L — | [ E—
AT Ecop !one gp Mter

I_I‘ \‘ ’_h Bedrooms + LKD

| " “-F Air-Loop Return-Plenum

Figure 10 Return Plenum

The only input is the zone reference.

Edit Plenum -

Plenums

Return Plenum

Return plenums are zones that are connected to the
demand side of an air loop downstream of the HYAC
zone group. During the simulation air flow is transfered
from the controlled zones in the system simulation
throughthe return plenum back into the AHUL.

BLOCKT:HALLWAYT

Plenums reference a plenumzone defined inthe
building model which normally will be unoccupied
without any equipment.

Figure 11 Return Plenum Zone Specification

The simulation engine allows only a single return plenum zone, usually the hallway/corridor is the most common
choice.

Note that the plenum zone cannot be included in any HVAC zone group.

If the return plenum isn’t present, replace the component with an air “Mixer” component.

DesignBuilder v7.3 DX-assisted MVHR Workflow 9



3.5 Zone Air Terminal
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The zone supply element is represented by the VAV:NoReheat air terminal.

N

4
Air Loop Setpoint Manager

&

HU (VAV)

Air Loop

The main air terminal inputs are:

A A AT
!

Bedrooms + LKD

Air-Loop F![[urn ;! lenum

Figure 12 VAV Terminal

1. Maximum airflow rate — the “boost” ventilation rate
2. Constant minimum airflow fraction — the “base” flow rate (following the Part F)

Edit ADU: VAV no reheat -

ADU: VAV no reheat

Air Terminal: VAV No Reheat

General
Name
Maximurm air flow rate (m3/s)
Zone minimum air flow rate method
Constant minimurmn air flow fraction (turndown ratio
Outdoor Air
O Control on outdoor air flow
Operation
(i4 Availability schedule

aa[VINGROOMXKITCHEN
0.02589
-Lonstant

COn 2477

VAV No Reheat

Variable air volume (VAV) systems control the dry-bulb
temperature inside a zone by varying the supply air
volume instead of the air temperature At full cooling
the VAV damper is fully open suppling the specified
madmum air flow rate. As the cooling load decreases,
the damper closes until it reaches the minimum stop
specified by the zone minimurm air low fraction.

VAV systems can be usedfor interior or perimeter
zones with a common fan system and air temperature
control. The VAV concept may vary according to the
VAV box locations and air temperature controls.

Figure 13 VAV Terminal Inputs

The accompanying files include the “Airflow calculations.xlsx” spreadsheet to calculate the input values.

DesignBuilder v7.3
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. Inputs . Whole dwelling ventilation
Dwelling floor area 79| m
Number of bedrooms 2/- 1.23 Supply air for the dwelling should be delivered through one of the following means.
. 3
AHU nominal flow Bl /1 a. Continuous supply fans.
b. Back; d tilators.
Minimum whole dwelling il rate ackground ventilatars.
Per internal floor area 23.7|Us 1.24 The minimum whole dwelling ventilation rate for the supply of air to the habitable rooms in a
Per number of bedroooms 25(Us dwelling should meet both of the following conditions.
Maxi 25|U/s a. A minimum rate of 0.3 litres per second per m* of internal floor area (this includes all floors, e.g.
for a two-starey building, add the ground-floor and first-floor areas).
Air loop nominal supply flow | 0.055556]m°/s b. A minimum rate determined by the number of bedrooms, as specified in Table 1.3.
PartF Terminal Table 1.3 whole dwelling ventilation rates d d by the number of bedrooms
Zone Max Min
s s s - Number of bedrooms'™ Minimum ventilation rate by number of bedrooms (/%)
Bedroom 1 6 0.006] 0.013333 0.45 1 L
Bedroom 2 6 0.006] 0.013333 0.45 2 25
LKD 13 0.013] 0.028888]  0.45 N 0
9 0 g 4 37
0) 0 0
0 0 0 5 4
2 0 0 NOTES:
0 0 0 1. If the dwelling anly has one habitable room, a minimum ventilation rate of 131/ should be used.
0 5 § 2 For each additional bedroom, add 6L/s to the values in Table 13.
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
25 0.055556

Figure 14 Airflow Calculation

Note that the “Model Data Grid View” (MDGV) feature allows the terminal characteristics to be entered in table
mode.

DEEAS B A <X

Figure 15 Model Data Grid View Toolbar Location

7| 3% &

The required “ADU: VAV no reheat” Layout can be found on the MDGV “HVAC” tab.

Search (Ctrl+F) ~ v X

Drag a column header here to group by that column.

|: Air Terminal: VAV No Reheat

d Qutdoor Air Operation
Name Zone Group i Maximum air flow ra... | $one minimum air fl..} | Constant minimum... | ixed minimum air fl... |Minimum air flow fr... |Control on outdoor... |Availability schedule
BLOCKT:LIVINGROO... |Bedrooms + LKD 0.02880 -Constant 0450 |i1 0000 Min supply air flow f... [ On 2477
BLOCK1:DOUBLEBED... |Bedrooms + LKD 0.01333 Constant 0450 |I10000 Min supply air flow f... [ On 24/7
BLOCK1:DOUBLEBED... |Bedrooms + LKD 0.01333 Caonstant 0450 |IIODOD Min supply air flow f... 1 On 24/7

Figure 16 Model Data Grid View VAV Inputs

DesignBuilder v7.3 DX-assisted MVHR Workflow 11
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4 Model Data

In the “Simple HVAC Data” mode, HVAC components are controlled using the Model data inputs on the Activity
and HVAC tabs.

HVAC Detailed HVAC
, - EnergyPlus HVAC systems are defined graphically using components
Simple Detailed
Detailed HYAC activity data, 1-Simple HWAC Data -

[ Runfree (disable detailed HWAC systam)

Figure 17 HVAC Activity Data Level

This section summarizes the relevant HVAC system setpoints.

4.1 Activity Tab

“Active cooling” is controlled by the zone thermostat setting.

Heating
I Heating {*C) 21.0
| Heating set back (°C) 12.0

Coaling Setpoint Tem

I Cooling ("C)
Il Cooling set hack ('C)

Figure 18 Cooling Setpoint

4.2 HVAC Tab

“Cooling” needs to be activated in zones with air terminals (for “Multizone” control).

To apply “constant” setpoint request, use the “On 24/7” schedule as shown below.

Model Data

Activity || Construction | Openings || Lighting | HVAC || Miscellaneous | CFD

Cutside air definition methad 3-bdin fresh air (Fer area) °

On 24¢7

(¥4 Schedule ThE9_DomBed_Heat

= olino

Cooled

Diefault

Figure 19 HVAC Cooling Schedule

DesignBuilder v7.3 DX-assisted MVHR Workflow 12
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5 TM59 Calculation Options

When generating TM59 outputs for overheating assessments, DesignBuilder includes a “safe check” to avoid
accidentally leaving the cooling system on.

To disable excluding cooled zones from the results, select the “Include cooled zones” checkbox.

Edit Calculation Options

Calculation Options

Output Data v P Output Data
Building and block output of zone data Controlthe data generated from simulations.
i i ildi Zone environmental and comfort reports - allows
[ Include unoccupied zones in block and building totals and averages ¥oiifo Tesiict e siiidation comion fojust
[ Allow custom outputs occupied periods by selecting 2-Just occupied periods.
Graphable Outputs ) Options are:
Energy ¥ 1-All periods - comfort data is generatedfor all periods
[ Surface heat transfer including times when the zone is unoccupied.

2-Just occupied periods - comfort data is only output

Internal gains including solar during times when the zone is occupied so daily and

Energy, HVAC etc monthly comfort statistics become more meaningful.
Latent loads Building and block output of zone data - causes
5 v average and total zone data to be generated for
Comfort nd Envonmemal ' buikding and blocks. For ok e

Reporting period 1-All periods = temperatures, comfort conditions, total solar radiation,
[ Environmental internal gains, fabric transmission losses etc. It does

: not affect the generation of energy consumption and
Fresh air supply €02 data atthe building level.
[ Simple ASHRAE Standard 55 Surface heat transfer - to generate heat flow at
[J Adaptive ASHRAE Standard 55 surface boundaries.
[J Adaptive CEN Standard 15251 Environmental - generates temperatures and humidity
[ CIBSE TM52 e

Comfortable Summer Clothes, Time Not Comfortable
Winter Clothes, Time Not Comfortable Summer or

%1 CIE a Comfort - generates Comfort output, including:
s FangerPMV, PiercePMVET, PiercePMVSET,
¥ Include cooled zones PierceDISC, PierceTSENS, KsuTSV, Time Not
I Vulnerable occupants

[ Conidors Winter Clothes

Natural ventilation rules 3-Approved Document O rules  ~ Internal gains - generate internal gains-related output.
[ Fanger Energy, HVAC etc - for energy consumption data.
[ Pierce two-node Temperature distribution - to generate Temperature
[ Kansas State University two-node distribution data.
[J Temperature distribution DXF model output - causes EnergyPlus to generate a

DXF file summarising the building model. The file is
called eplusout dxf and itis storedin the EnergyPlus

<«

Building Surface and Opening Outputs

[ Store surface output folder. This option can be useful for checking thatthe
Detailed Daylight Outputs » correct geometry has been generated.
T res.* || M| Consiruction and surface details - causes
[] Don't show this dialog next time Help Cancel

Figure 20 TM59 Output Specification
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