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1. INTRODUCTION

TRNSYS, the transient systems simulation program that has been commercially available since 1975,
continues to develop by the international collaboration of the United States, France, and Germany.
TRNSYS remains one of the most flexible energy simulation software packages by facilitating the addition
of mathematical models, the available add-on components, the capabilities of the multizone building model,
and the ability to interface with other simulation programs.

The following document explains the updates for the new TRNSYS version 18. Updates include
improvements to the TRNSYS Simulation Studio, the addition of new capabilities to the TRNSYS multizone
building model, developments for the TRNSYS engine, and new components to the TRNSYS standard
library.

1.1. New Features at a glance

Package

1 Documentation emphasis on learning to better use TRNSYS
Hints and Tips documentation
Parameter / Input / Output reference documentation
Documented HVAC system examples
Detailed building / HVAC modeling introduction tutorial

Additional documented examples

= =4 =4 4 -4 =4

Integrated TRNSYS-Dedicated Fortran Type Compiler (TypeStudio)

Simulation Studio
1 Parametric runs
Updated 3D building project type including daylighting
Better interoperability: TMF files in XML, style information in the deck file
generated FORTRAN code updated for FORTRAN 90

Simplified dialogs: unused tabs are hidden, keyboard shortcuts

=A =4 =4 4 =4

Improved connection window: sort variables by name, click on inbound variables first, delete key
removes the selected connection, new keyboard shortcuts and map

1 Improved error report: opens automatically if there are errors, new design with tabs, improved
filters (notice/warning/errors)

Simulation summary report activation

Numerous simplifications and bug fixes

14



TRNSYS 181 Updates in Version 18

TRNSYS Multizone Building (Type 56)

il

= =4 =4 =4

Daylight depending control type

Dynamic daylight simulation for sensor points based on DaySIM

Comfort calculation extended to elevated air speed acc. ASHRAE Standard 55-2013, Appendix G
Energy demand for supply air conditioning including heat recovery

Restructuring source code

TRNBuild (User interface of the multizone building model)

1

=A =4 =4 4 =

=A =4 =4 4 4 4 4 -4 -4 4 -

TRNBuild Navigator extended to regime data (heating, cooling, ventilation, gains) and constructions
data (layers, surfaces, windows) and schedules

Use of longer names of airnodes and zones, construction types, etc. possible

Use of small letters for names of airnodes and zones, construction types, etc. possible
Added opaque surface types (wall, floor, ceiling, roof)

Rename wall types to construction types

Added total renewable primary energy and total non-renewable primary energy for opaque layers and
windows

New glazing library

New schedule library

Added annual schedules

New gain library

New gain categories: lights, people, equipment, misc, thermal bridge
Reference area as a new parameter for each airnode

Area related definition of regime data types (heating, cooling, ventilation, gains) possible
Electric fraction to regime types

Extended regime coupling of airnodes from 2 to 6

Several new outputs (NTypes)

Description & unit for user-defined inputs

TRNSYS Engine

1 Improved solar radiation interpolation
1 Updated psychrometric properties

1 Automatic report generation

New Components

8 new controller components

20 new HVAC air-side components

3 new links to other programs (Mathis, Python, CoolProp)
11 new hydronics components

2 new utility components

=A =4 =4 4 -4 =4

2 new electrical components
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TRNSYS-add-ons (not included in the package)

1 Complex fenestration model (Integrated in Multizone Building)
1 TRNSYS3d
1 TRNLizard

o New plugin for Rhino/Grasshopper

o Parametric geometry modelling

o Intuitive interface for building simulations

0 3D-visualization

1.2. Updating from TRNSYS 17 to TRNSYS 18

The new version of TRNSYS is capable of opening and simulating version 17 Simulation Studio project
files (*.tpf). However, once the file is saved as a TRNSYS 18 project, it may not be re-opened in TRNSYS
17.

For multizone building projects TRNBuild updates the BUI file automatically from 17 to the new 18 format.
However, files can be saved into a TRNBuild 18 format only. Note: BUI files of TRNSYS 18 can NOT be
opened correctly in previous versions of TRNSYS.

2. PACKAGE

2.1. Documentation emphasis on learning to
better use TRNSYS

Many portions of the manual set have been rewritten with an emphasis on better helping beginning users
get started using TRNSYS. The changes include moving the tutorials into a separate volume of the
documentation set and adding new tutorials including a detailed building/HVAC project. More examples
have been created and moved to a separate volume which includes detailed documentation for many of
the examples. The mathematical reference volume has been wupdated to include full
Parameter/Input/Output documentation and hints and tips for using the individual components.

2.2. Integrated TRNSYS-Dedicated Fortran Type
Compiler (TypeStudio)

The TypeStudio is a graphical interface and Fortran compiler that have been set up to facilitate creating
new Types for use with TRNSYS. The TypeStudio creates and manages workspaces that can contain
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one or more TRNSYS Types. It allows the user to compihe Type(s) into a dynamic link library (dll) that
will be placed in the proper location for the TRNSYS engine to load them during a simulation.

5. Type Studio - ] X
File Edit View Workspace Build Help

Type138.£90 \

L

3. TRNSYS SIMULATION STUDIO

3.1. Parametric runs

The new parametric runs features allows users to launch a set of simulations based on a table with variable
values. The table can be created interactively directly in Simulation Studio: the user first chooses the
component, then the desired variable (parameter, input or equation) to be varied. It is possible to add runs
by clicking the 6+6 button.

The number of runs in parallel can also be specified; this allows launching several simulations in parallel,
to take advantage of multi-core architectures. If the user wishes to continue to work with his computer while
the simulation is running, he can choose to allow for only one run in parallel, to keep the load at a reasonable
level; interactions with the computer will be more fluent.

Limiting parallel runs to one is also useful if some project components used do not support parallel treatment
(e.g. because they create temporary files with constant names, etc.).

3i7
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.4 Collectors - 0 running Max. 2 runsinparalel [:]

P:Number in series Name Run 1 Run 2 Run 3
P:Collector area 1 Collectors->Collector area 5 6 T
P:Fluid spedfic heat 2 Pump->Iniet mass flow rate 100 110 120

P:Effidency mode

P:Tested flow rate E
PiIntercept efficency

Pficency sope
PiEffidency curvature
P:Optical made 2

P:1st-order [AM m
Prand-order 1AM

Lrlet temperature - 20
Lrlet flowrate - 100
I:Ambient temperature - 10
Lincident radistion - 0

I:Total horizontal radiation
LiHorizontal diffuse radiatio
L:Ground reflectance -0.20

Lincidence angle - 45

L:Collector slope - 0
724 Plotter 1 =
« I '

3.2. Updated 3D building project type including
daylighting

The new version of the 3D Building assistant (wizard) implements the features of Type 56 described in
paragraph 1.3 of this document. It has been simplified to one dialog window, which now allows to define
the static distribution factor of solar direct radiation and boundary temperature for the ground model. The
wizard automatically reads IDF files made with SketchUp and translates them to TRNSYS projects,
including both project and building description. The building description is ready for use with the new

daylighting features.

3.3. Better interoperability

TRNSYS Model Files (.TMF files) can now be stored in the universally used XML format. This opens
Simulation Studio to third-party software for importing and exporting model descriptions. It is also possible
to author models directly in XML.

The traditional .TMF format is still available i both formats can be used interchangeably.
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L w0 - ¢l@c

<2xml version="1.0" encoding="UTF-8"?>
- <TmsysModel>
<object>Solar Collector; Quadratic Efficiency, 2nd Order Incidence Angle
Modifiers</object>
<author>Contributors are listed in manuals</author>
<organization>Solar Energy Laboratory, University of Wisconsin - Madison</organization
<editor>CMR, MKu</editor>
<creationDate>TRNSYS v7.5</creationDates
<modifictionDate >May 2011</modifictionDate>
<mode>1</mode>
<validation>16</validation>
<icon>C:\tmp\type1b.bmp</icon>
<type>1</type>
<maxInstance>9999 </maxInstance>
<keywords/>
<details>This component models the thermal performance of a flat-plate solar collector.
The solar collector array may consist of collectors connected in series and in
parallel. The thermal performance of the collector array is determined by the
number of modules in series and the characteristics of each module. The user must
provide results from standard tests of collector efficiency versus a ratio of fluid
temperature minus ambient to solar radiation. The fluid
may be the inlet temperature, the average temperature, or the outlet temperature.
In Typel, there are 5 possibilities for considering the effects of off-normal solar
incidence. In this instance of Type1, a second order quadratic function is used to
compute the incidence angle modifier. The coefficients of the function are supplied
by an ASHRAE or equivalent test (see manual). </details>
- <variables>
- evariable>
<t--input-1-->
<order>1</order>
<name>Inlet temperature</name>
<rolexinput</role>
<dimension>Temperature</dimension>
<unit>Ce/unit>
<type>real</type>
<min>-Inf</min>
<max>+Infe/max>

<boundaries>[ ; ]</boundaries>
<default>20.0</default>
<symbol>SN</symbol>
<definition>The temperature of the fluid entering the the solar
collector. </gefinition>
<fvariable>
- <variable>
<t--input-2--»

The meta-commands in the generated simulation input files (decks) have also been extended: it is now

possible to store information about link styles / connection ports.

All links connecting UNIT 19 to UNIT 14

*1LINK_STYLE Prolgerties of one link (a set of connections)
e project window

*1LINK 19:14 mt

*1CONNECTION SET 0:20:0:17:1:32896:2:0:1:165,76:89,76:89,612:155,612

*ITLINK 19:13

*1CONNECTION SET 0:40:0:0:1:32896:2:0:1:

This feature is exploited by the 3D building wizard to create more visually attractive, professional looking

project schemes.

3.4. Generated FORTRAN code updated for

FORTRAN 90

The FORTRAN generator has been updated to produce more modern code templates, compatible with the

FORTRAN 90 coding standards.
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Subroutine Typel

4. Simulation Studio - (Typelbtmf]

OFile) Edit View DirectAccess Tools Window 2
O New CtrisN E
Open... Ctr+0 :
G l
Save Ctrl+S  bncy, 2nd Order Incidence
Save As.. 1%
Seal sty of Wisconsin - Madssor
Import TRNSYS Input File .. |
Export as HTML... Last Modficati
Settings... [ Numedcal (] Expedme
1 C:A\Trnsys18\..\Typelb.tmf | KeyWords
2 Ctmp\typelbxmitmf
3 CA\Trnsys18\..\SDHWIL.tpf
4 Componentl tmf
Bxit l
zontal_radiation = GetInputValue (S)
Horizontal_diffuse_radiation = GetInputValue ()

This also includes systematic use of access functions instead of directly using IN / OUT / PAR arrays.

3.5. Various other improvements

Many more enhancements have been implemented in Simulation Studio, such as:
1 Simplified dialogs: unused tabs are hidden, keyboard shortcuts
1 Improved connection window: sort variables by name, click on inbound variables first, delete key
removes the selected connection, new keyboard shortcuts and map
1 Improved error report: opens automatically if there are errors, new design with tabs, improved
filters (notice/warning/errors)
Simulation summary report activation

Numerous simplifications and bug fixes

4. TRNBUILD/TRNSYS MULTIZONE
BUILDING (TYPE 56)

4.1. TRNBuild - Multizone building interface

This section provides an overview of improvements related to the interface TRNBuild.

4i 10
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4.1.1. Navigator

For providing a better overview of defined construction types (layers, surfaces, windows), schedules and
regime data (heating, cooling, ventilation, gains) were added to the TRNBuild navigator. With a right click
on an existing type the data associated with this type is displayed. New data can be added, existing data
can be deleted, renamed and saved.

1 +J TRNBuild Navigator

2]
B e Project
E Q Comments ey e
%{ % Orientations El-f@) Construction Types
Inputs. -
&) outputs [ [ Layers (19)

properties @ () [ T— =

-y Construction Types v )
' 5.
a1 Layers (19) g Add Surface Construction
22}

{£) Wals, Fioors, Cedings, Roofs (1) 71 Sche

@ Windows (4) &€ Regi Add Surface Construction from Library
B0 EXT_WINDOW
& a +- @ Zones
B0 EXT_WINDOWZ E-®
B o ADJ_WINDOW .
B ADJ_WINDOW2 E-jim) Construction Types
B-FL Schedules (40)

-] Layers (19)

B R T
E-§9 Regime Types E-{f) Wals, Fioors, Ceiings, Roofs (11)

-/l Infitration Types (4)

148 Ventiaton Types (4) 8-° E D Al
El-igh Heating Types (4) —J Delete Surface construction THICKNESS:
SR OFFICE31_SiA2024 EXT :
["] ON=S5CHEDULE 6"0PERATION_WEEKLY_OFFICE31_SIA2024+15 © POWER EXT Rename Surface construction

- e OFFICE32_Sla2024
- e MEETNGROOM33_SlA2024
@ RECEPTION34_SIAZ024

@& Cooling Types (4)

g Comfort Types (0}

L, Gainoss Types (12)

i~ Daylight Cantrol Types (4)

Zones

£ % Zone: First_Floor

=@ Airnode: First_Floor
[ i Surfaces
- Regime

Radiation Modes
& Geometry Modes
= Daylight Modes

@ Zone: Second_Floor

=@ Almode: Second_Floor
- fmi Surfaces
g Regime

Radiation Modes
* Geomelry WModes
= Daylight Modes
& TRNFlow
F Geo-nfo

EXT Copy Surface construction

Save Surface construction to Library

GROUND_FLOOR
ADJ WALL

- E-E-E-E-E-E

+

(I I I I I v I v ]
m
=1

T
@ s-m

m

Figure 1: Extended TRNBuild navigator

4.1.2. Construction Types

Opaque surface constructions are no longer called WALL type. For being clearer they are now called
CONSTRUCTION because they could define a construction for a floor, ceiling, roof or wall.

For opaque layers and windows optional data related to embodied energy, the total renewable primary
energy and total non-renewable primary energy can be specified. An overview table of integrated numbers
of the project of the surface area and the embodied energy for each construction type is provided at the
end of the INF file.
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4.1.3. Glazing library

The TRNSYS 18 package includes now a glazing systems library based on the fadd-ono | i b TTREISY$H
17. The glazing data base contains over 230 different glazing systems (e.g. heat or solar protection glazing,
double or triple glazing) based on detailed spectral provided by manufactures.

Note: TRANSSOLAR Energietechnik GmbH makes any warranty, expressed or implied, or assumes any
liability or responsibility for the accuracy, completeness or usefulness of any information, apparatus, product
or process disclosed, or represents that its use would not infringe privately owned rights.

The glazing systems library was generated with the program Window 7.4.6.0 of the Lawrence Berkeley
National Laboratory (http://windows.lbl.gov/). Therefore, the new standard files of TRNSYS 18
(TRNSYS18.std and TRNSYS18 evis.ssp) were used. In these files, the integral characteristic of
transmittance and reflectance for the visible range is based on the energy spectrum required by the 2 band
solar radiation model of Type 56. For most other standard files available for the program Window, these
integral characteristics for the visible wave lengths do not represent the entire visible range, owing to
spectral sensitivity of the human eye.

For the new glazing data base the syntax of the glazing property data is extended to include the used
standard file and the visible transmittance owing to spectral sensitivity of the human eye which can be
helpful for selecting the radiance material for daylight simulation.

BERKELEY LAB WINDOW v7.4.6.0 DOE - 2 Data File : Multi Band Calculation : generated with TRNSYS18.std
Unit System : SI
Name : DOE 2 WINDOW LIB

Desc : GU_ClimaGuard_N_#3_Ar90

Window ID : 3201

Tilt :90.0

Glazings :2

é

é

SHGC 0.660 N/A N/A N/A N/A N/A N/A N/A NA NA NA
Tvis_daylight: 0.800

Layer ID# 33000 33009 0 0 0 0

Figure 2: Glazing system property data syntax
It is possible to use data from glazing data baseswhi ch wer endt TRN&¥Si8sthndavd.t h t he
However, using two glazing properties which were generated with different standardsi n one zone i sr
allowed. The reason for introducing a TRNSYS18 standard file is to allow a more accurate simulation of

solar radiation of two windows with high selective glazing properties (e.g. sun protection glazing) in series.

Thei De s c r of pdglaziogrsy®tem (e.g. GU_ClimaGuard_N_#3 Ar90 in Figure 2) in the library is made
up of the following composition:

YY_name_NN_filling

YY - Manufacturer code
(GUé Guardian, | Pél nterpane, SGg¢SaintGobain, GT
name - Glazing system name
NN - Coating position e.g #3 (numeration starts on the outer face)
filling - Filling between glass panels

4i 12
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4.1.4. Schedule Types

For TRNSYS 18, a visualisation of the schedule data is integrated. In addition, a new schedule category is
availbale now: an annual schedule. The annual schedule is especially helpful for scaling gains. (see section
4.1.6)

Also, the library handling of schedules is improved and for the German and French library over 40 schedules
based on the SIA 2004 for different building types like apartment, hotel, office, school, supermarket and
restaurant have been added.

Schedule Type Manager W
R 1
“F1 -schedule Type" Manager Schechle Type Mansoct
schedue type: DEV_MOFR_OFFICE31_5142024 = T ~schedule Type™ Manager m
€ daly € weekly © amual schedue pe: [OCC_WEEKLY_OFFICE31 512024 i |
i C dsly & weekly € amusl
From TUnti 1Valus Weekly BT
. -
24 g
06 Monday:  [DCC_MOFR_DFFICE31_SIAZ024 &L schedule Type~ Manager m
05 Tuesdy:  [OCC_WOFR_OFFICET Siezize ||
3 0
03 ‘wednesday: [OCC_MOFR_OFFICE31_SlA2024 schedule type: [OCC_aNnUAL OFFICE3T_Sia2024 |
02 Thursday:  [ICC_MOFR_OFFICE1_G1A2024
0.1 € daily € weekly € annal
from unti value Fiiday. [oCC_MOFR_OFFICE1_S1A2024
h 'E_ ,E_ R 2 4 6 81012 1416 18 || Saydsy 300 SASULOFFICEST GiA202d Annually
4
b e Sunday:  [ICC_5ASU_DFFICE 582028
[From Unti Value
o T 31012400 08
0.7 0l 2400 28.02 2400 3
06 802 2400 31.03 2400 1
0s. 3103 2900 004 2400 08
] 004 2400 3105 2400 06
o 105 2400 005 2400 1
03 3008 2400 3107 2400 08
02 3107 2400 3108 2400 08
01 .08 24.00 3008 2400 1
009 2900 310 2400 0
3110 2400 01 2400 1
B 15 26 2 41 48 % 6 T2 &
011 2400 3112 2400 06
From Unti
day (1311 month (1-12)  hour (1:24] minute | | day (1-31) month [1-12]  hour (1-24)  minute value
Schadule Ly 1 1 [ oo 1 2 il setdata 08
“schadules”
B
@ Pugsnivsy © UseLivsy
0.4
Frogram Lbrary —TT
B L R s =] o 06
(=] 7 04
0z
Moy [ Mool
g = 1000 2000 3000 4000 5000 8000 7000 8000
4 " time
s "
& "
H "
n "
i "

¥ e
e sovrn

.

o

o

o \.H h‘ |.|J U hJ
§oe

o

o

T T P

Figure 3: Schedule types and library
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4.1.5. Regime Types

For a more general definition of regime types, a floor reference area of an airnode is introduced. Regime
data types like heating, cooling, ventilation and gains offer the option to define the power or airflow related
to the reference area of an airnode. This makes it easier to use one regime type for several different
airnodes and data is often given area related. The reference floor area is automatically calculated when
importing an TRNSYS3d file and is available as output (NType 150).

Wentilation Type Manager

o Zone EG_GB - Airnode: EG_GB

& “Ventilation Type” Manager

Aimodes Aimode Regime Data
veniialion type OFFICE 31_s1AZ024 =1
EG_GE - Iy air flow
| — J wolume: 1152 m™3 =
| EG_GE [air changs rate =1
= capacitance: 3456 kK

[ 087 0CC_WEEKLY_DFFICES1_SIA2024 1k

(62 7 e
wd number| 1 ref. floar area: 40 m™2

Speii fan pawer P a
(relatec 1o 3upply i flow) o Ol i 21
Note: The spec. fan power has no influence on the themal energy balance.

Supply ar conditioning

Cooling Type Manager

’& “Cooling Type™ Manager

v

" euternal by cther companent
& innemal calculation

Temperature of supply air flow

cooling type: [oFFICEZ1_sla2024

Heating Type Manager

© outside air

Room Temperature Control @ userdefined FE  _©
[T — = .
R 5 T OPERATION WEERLY OF 'C \tély "Heating Type™ Manager sendible heot recovery rato i o
heating type OFFICES1_SIA2024
Sensible cooling power Hurrddiy of Ak Fiow
Room Temperature Control - . .
velative bumiily
7 unlimit=d
& i
& limited E5 Kk set temperature: 6 EOPERATION.| ey
" absolute power 8 power related to refere)
Sensible heating pawer 4 W humidiicati win umidi: [o.0045 karkg
Electric Power Fraction — —_— O —
© uriimited b . bumidiy: [ 00065 katkg
fraction of actual sensible poer. & limited T
o - " absoluts power %' powier related to reference floor aisa
Note: The slectic powet has ro infuence o the thermal srergy bal i (P O ——

Dehumidification

Electric Power Fraction

@ off
fraction of actual sensible power,

0.0z -

Mote: The electiic power has na influence on the thermal energy balance

Humidification

Figure 4: Regime types

In addition, regime types have been extended to allow taking the electricity demand into account by adding
an electric power fraction and a specific fan power, respectively. Therefore, new outputs have been
implemented (see NType 1557 162).

The ventilation type has been extended to calculated the supply air-conditioning from outdoor air including
sensible heat recovery, humidification below and dehumidification above a user-defined set point (see
section 4.4 for further details). The effort compared to connecting an external component is small and with
the additional outputs a more complete overview of the energy demand is provided. (see NType 1707 189)

For providing a better subdivision of gains the following gain categories have been added:

1 people
lights

)l
1 electrical equipment
1 miscellaneous

)l

thermal bridge

The new outputs according to these categories area NType 1517 154 and NType 163- 164.

4i 14
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The category

adding a surfaces to the model. This is especially convenient for models with3Dwh e r e

fi t h e r take Into dccound aytiketmal dridfeceffest oftthe envelope without

sur faces

added. The thermal bridge effect can be defined as an absolute gain/loss or a specific gain/loss related to
the envelope area of an airnode (The envelope area consists of external and boundary surfaces). For the
thermal bridge calculation, the loss coefficients have to be entered as positive values. The direction of the
resulting heat flux (gain or loss) depends on the actual temperature difference (Toutside T Tinside).

In addition, the gain library has been updated and extended. The German library contains now data based
on different standards like DIN 13779, VDI 2078 and SIA 2024.

Gain Library
~Gains™
& Program Libray ¢ User Libran
Program Library 18,0,0001:
[T msysiTineys12_0NBuilding" LiBAG erman’tunbuild_gain b [>]
Absolite / | Conveetive Radiative Electric Humidty | -
No. Name Description Category arcarclated Power ower Power Fraction
lkd/hr] [kd/hr] H [kg/hr]
21 EM13779_170w-Person_f... Akliitatsgrad [V [stehend, | pecple absolute 153 153 o 0125
22 EM13779 170w-Person_f... Aklivitatsgrad 1V [stehend, | pecple absolute 122.4 1224 o 015
23 EM13779_210w-Person_f... Aklivitatsgrad V [stehend, pecple absolute 189 189 o 0155
24 EM13779_210w-Person_f.. Aklivitatsgrad V [stehend, pecple absolute 151.2 1512 o 0165
25 EM13779_360w-Person_d.. Akiivitstsgrad Wl (gehend, pecple absolute 216 216 o 0.353
26 EM13779 360w-Person_d.. Aklivititsgrad VI [gehend, pecple absolute 1728 1728 0 0383
27 WDIZ078_100W-Persor_Al.. Akbivititsgrad | [entspannt pecple absolute 180.35 18038 [ ainfloss Type Manager
28 WDIZ07E_100W-Persor_Al.. Akbivititsgrad | [entspannt pecple absolute 17352 17352
29 WDIZ07E_100W-Persor_Al.. Akbivititsgrad | [entspannt pecple absolute 166.68 166.68
30 WDIZ07E_100W-Persor_Al.. Akbivittsgrad | [entspannt pecple absolute 159,64 159.84 e .
31 WDI2078_100W -Person_&l . Aklivitdtsgrad | [entspannt people absolute 153 153 L Gain/loss Type™ Manager
32 WDI2078 100w -Person Al.. Akbivititsorad | fentsoannt oecole absolute 146,15 14616
Selected Types Gaindloss type name: | TheimBridge 0.1 0/ Am2/K
Absolts /| Convective Fadiative Gain/loss Category
No. Name Description Category arcarclated Power Power
(205 (=55 [thermal bridge -
1 ThemBridge_010w/m2/K  wamebrickenausehlag -1, themal bridge  area_related 018 018

" absalute gainfloss % gain/loss related to envelops

Radiztive

3 [o1E K ¢ (h K m™2)

Convective

9 [o1e k¢ (h K m2)

Figure 5: Gain library and gain type manager

In TRNSYS 18, the capability to control artificial lighting by daylight availability is added to the building
model. Therefore, a new regime type is added. The data for this type is structured in three parts: lighting
control type, illuminance set points and daylight illuminance on the sensor.
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Ef Regime Types

/W Infitration Types (&)
-4 Ventilation Types (4)
[]..\&‘,3 Heating Types (4}
G-+ & Cooling Types (4)

..... % Comfort Types (0)

[]...‘;ﬁ Gain Types (12)
[]E ntrn nee (4
@ Zones Add Daylight Contral
- % Zone: A
Add Daylight Control from Library

E| @ Airn

=]

—

Daylight Contrel Type Manager

|C "Daylight Control Type™ Manager

daylight control type name: | 31 office

Lighting control type

" always on [na daylight contral]
& on /off
" continuous (lights are dimmed to the minimum, but not switched off]

" continuous an/off

Tluminance setpoint

lluminance setpoint 00 s

Hote: Itis assumed that the defined slactric pawer (> 0 ] defined by the lights gain
produse an ilurinance squal ta the iluminance set paint

2nd illuminance set point for switching lights on again: 00 s

Daylight Iluminance

&% daylight factor » I8
" userdefined value

" daplight sersor position (max. 4, mean value is used)

Figure 6: Daylight depending control type

Different modes of artificial lighting control are implemented in the TRNSY'S building model:

zero
daylight
illuminance

1 always on (no daylight control)

1 A hysteresis control, where an upper threshold and a lower threshold are defined by the user. This
control provides only control signals of O or 1.

1 A linear dimmer, where the artificial lighting contribution ideally compensates insufficient daylight
availability to match the set illuminance. A minimum operation ratio has to be provided by the user,
the value never drops below this ratio during operation time.

1 A combination of mode 2 and 3. This control allows turning off the artificial lighting during operation

[ SR ———
1 ¢ > AN
Fractional :
Control Light Output :
Signal 7% + :
4 1. |
0 1HN
0 [ 1
0 } t — :: Fractional Input Power
300 lux 500 lux

Daylight llluminance

Figure 7: Artificial lighting control, hysteresis control (left), dimming control (right)

The determination of the illuminance by using a daylight factor D is a very rough method, but the simplest
option. The illuminance for control E_i (t) is calculated by multiplication of the horizontal outdoor illuminance
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E_a (t) with the daylight factor. The outdoor illuminance is calculated within Type 56 using new kernel
routines.

A second option is passing illuminance values by reading in values obtained by other programs,
measurements and calculated by other TYPES, respectively.

The third option applies the integrated daylight simulation based on the DaySIM method. The mean
illuminance of up to four geometric defined sensor positions is used for control. The integrated DaySIM
method is presented in section 4.2.

Several outputs have been added related to daylight depending control (NType 4051 432) such as daylight
illuminance, daylight autonomy, etc.

4.1.6. Airnodei Gains

The gain definition dialog of airnodes has been revised and provides a good overview of the defined gains.

Gains/losses [ AirNode: First_Ficor ]

@
s cainsflosses
[_gainfioss type name [ gainloss type category | _gaindloss type mode | _scale 1 [ scale2 |_retateafraction | _geopos | daylight control [
OCC_OFFICEN_SIA2024 peaple gain related to refere..  : 1'OCC_WEEKLY_OF.. 5 1*DCC_ANNUAL_OF. 1
DEV_OFFICES_SlA2024 clectical equipment gain related to refere... G: 1"DEV_WEEKLY OF... 5 1"0CC_ANNUAL_OF. 1 0
ARL_DFFICE3 24 gain related to refere.. | 5: T"OPERATION WEE.. | 1 [ 1 | 0 [DLCUOFFICES!

T
ar

gain/loss type geo position

[RL_OFFICE1 5142024 &0 | [ o ‘ jresel

| ARL_OFFICE3_SI&2024 | category: ihts | gainmode: gain related to reference floor area |

scale

soale 1 ‘S T OPERATION_WEEKLY_OFFICE31_S142024 soale 2 3 ‘1

Note: The two seales are mulitplied. For example. scale 1 cauld be used for a weekly profil and scale 2 for an annual profile

Mukiplication by reference area of aimods (thermal bridge: envelope ares; other: reference fioor ares)

o

(% yes raction of reference area 1 %4100

daylight control

© off

@ on  daylight control type:  [DLC_OFFICE3T_Sl&2024 DLC_OFFICE3T_SI82024 j

Nate: Itis assumed that the defined electric power (> 0] defined by the lights gain produce an iluminance equal to the illuminance s=t point

Figure 8: Gain/losses dialog of airnodes

A second scale can now be defined for each gain. For example, a weekly schedule for occupation can be
defined as scalel and annual schedule containing a reduction to 50% in vacation time can defined as
scale2. The resulting schedule is the product of both scales. If one scaling factor is needed only the second
scaling factor should be set to 1.

Since gain types can now be defined related to the reference floor area, a multiplicationf act or #
airnode reference fl oor arteB} ihe gaisis multiplieddvith whdle refetence
floor area. I f e. g. the gain should refer to 30
reference floor areado has to be set to 0. 3.

For gains of artificial lighting (gain category = lights), a daylight depending control can be added. This
prevents unnecessary internal gains due to artificial lighting when natural daylight is sufficient. If the daylight
depending control is switched on, a previously defined daylight control type can be selected.
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4.2. Integrated daylight simulation

TRNSYS 18 offers the option to perform an integrated daylight simulation based on DaySIM. DaySIM is a
validated, radiance based daylighting analysis software that models the annual amount of daylight in and
around buildings. (daysim.ning.com, www.radiance-online.orq).

According to the DaySIM approach daylight coefficients for every sensor point are generated in a
preprocessing step based on the geometry and material definitions in a radiance format. During the
simulation the daylight coefficients are used to calculate the illuminance on the sensor points.

The daylight model is based on the same 3D geometric data as the thermal model. Therewith, a 3D thermal
model is the starting point. The following shows the basic steps in TRNBuild for daylight simulation:

Definition of radiance materials

Definition of daylight mode of thermal zone
Definition of daylight sensor points
Generation of radiance files

Daylight related outputs

4.2.1. Definition of radiance materials

For a daylight simulation radiance material names have to be assigned to construction types. For opaque
construction types it is assumed that the visible light absorptance is equal to the solar absorptance. Therefor
no additional daylight properties data is required.

For windows, the window type dialog has been extended for defining optional daylight properties by
radiance material names. A radiance material name is assigned for two states of the window: shaded and
unshaded

For selecting names click onthebut t on Aopen radiance materi al fileo, S
and copy the name e.g. glass_80 into the input text bo
a visible light transmittance of 80 %. The user can add missing radiance materials to the library. (There are

data bases for radiance materials available e.g. www.lighting-materials.com/learn.)

Note: The syntax of the radiance material file described in the file header has to be met!

To help selecting the radiance material of the unshaded state, the visible transmission for daylight related
to the glazing ID is displayed.

If a window type has no operable shading device at all, the radiance material file for unshaded should be
used for shaded as well.

If no detailed information is available for the shaded state, the visible light transmittance multiplied by a
shading factor might be used as a first guess.

Note: The visible transmission for daylight do not represent the entire visible range, owing to the spectral
sensitivity of the human eye, which means that it differs from the characteristic used by the 2-band thermal
model. In most cases, the visible light transmittance for daylight is given in publications and is stored in the
glazing data base (see section 4.1.3).
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Figure 9: Window Type manager i optional daylight properties

### radiance material file

#

# syntax description:
#'# - to start a comment lines
#

# each material description starts with a line: void material name
# with

# void - key word for defining a radiance material

# material

# - glass (transparent material)

# - plastic (opa que material with uncolored highlights)

# - metal (similar to plastic, but specular highlights are modified by
# - mirror (used for reflecting planar surfaces)

# name - referenced for TRNSYS Type56 daylight material definition

#

# see material syntax in each section
# see also http://radsite.lbl.gov/radiance/refer/ray.html

HHHHHHAHE glazing #
# glass_ syntax descriptio
# void glass name

# 00 3 transmissivity_red transmissivity_green transmissivity_blue

ée.

# glass_80

# visual transmittance: 80%

# visual trans missivity: 87.15%
void glass glass_80

0

0

3.8715 .8715 .8715

Figure 10: Window Type manager i radiance material file
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