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CARNOT Toolbox—What is it ?

Matlab-Simulink Blockset for simulation of
* HVAC systems
» Solar systems (thermal & electric)
* Buildings
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Basic Control Hydraulics Load Outputs Source Storage Toalbox Weather
rrot 7.0.198 " .
for MATLAB (R2018b) T -
Copyright Solar-Institute Juslich

Functions for solar position, fluid properties, fluid flow
and heat transfer characteristics (Reynolds, Grashof, Prandtl, ...)

Published as open source under BSD license

Compatible with other Matlab Toolboxes
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CARNOT —=Whatis it ?

Strength

* Model Based Development using the Matlab features for
requirement engineering,
MIL / HIL / SIL,

code generation and testing
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CARNOT —=Whatis it ?
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Carnot 8.0 for Matlab R2021b

double click to
load Carnot Internal
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CARNOT — Library Structure

Electric load
Hot water load
Building models
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CARNOT — Example of a (very simple) heating systems

E
A4
el

Ideal boiler delivering always 70 °C

Energy flow information is
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CARNOT — Examples Ak
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Simple House with ISO 13370 Grd [%y] Block Parameters: Simple_House 1SOgm_CONF — - - [ 5t
Configurated building model, varig [ [ EdIt path and name of parameter set s .a °%
parameter_set of the block. i —
Use of buttons in the "Picking a fil r
1) "Carnot public data” choses a p User defined parameters § 2
2) "Carnot internal data” choses aj &
3) "From selected path" choses a House | Windows | HVAC | |8
Allow editing "File” and "Path” wit Lt
edited values. Living surface in m2 E aEE
Calculation | 140 | .%
Simple, House, 150gm. C Initial temperature in °C height of rooms in m .‘m :
20 |25 |
» S
Picking a parameter set Dimensions of slab in m [length width]
I Carnot public data | [7 10] |
Total heat transfer to ambient (walls/roof) in W/K B
M da ny bIOCkS d I IOW to e(path_carnot('libsl"),'Load", | i |
neter set
Change paramete rs and : Total heat transfer to neighbour inW/K
ult_SimpleHouseISOgm.mai
save them as a parameter | o |
it path and name of parame!
f| Ie Heat transfer coeffient of slab to ground in W/mz2/K
er defined parameters | 0.7 |
House | Windows HVAC 2
| l | Total thermal capacity in J/K
Living surface in m2
= | 70000000 |
height of rooms in m
|2 5 [ Save in Carnot internal data l [ Save in selected path ]
Dimensions of slab in m [length g
[[7 10] §
RN
Total heat transfer to ambient (w) ™ iy ~
T g (o]
| ok || cancel || Help || apply 2 %
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double click
ta Ioad examples

CARNOT - Helpfiles
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« Documentation Home

Hydra:

A Camot (Supplemental Sofiware)
Tutorial and Getting Started CA R N OT

Basic Concepis

Contral

Basic
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H-
@ Help - ] X .g Eg
L = Q ‘i':?' @) | Custom Documentation ?‘2[ +] BHOBEO | - o
= CONTENTS Close [ .g Egé
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Advanced Topics Conventional And Renewable eNergy systems Optimization Toolbox
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w

Verification

Literature

Carnot Web Site for MATLAB Simulink R2021b ©
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Carnot 7.1.0 . .
? double click to double click
! for MATLAB (R2018b)
Copyright Solar-Institute Juelich load Carnot Internal to load examples 0
Help IS
g
- )
B4
8§ 9
IS o
1S &
8 o



CARNOT - Helpfiles

@ Help
- Q ‘Ef?' 5] E | Custom Documentation Ml + ]

Documentation

— CONTENTS Close

« Documentation Home:

¥ Carnot (Supplemental Software)

Tutorial and Getting Started

Basic Concepts

Advanced Topics

.

Blocks
Block m-Functions
General m-Functions
C-Functions

Verification

Literature

Carnot Web Site

BoEO|~

Search Help |’

4 Block and Function Reference

4.1 The Models

See Carnot Block Overview for the models and blocks.

Some models have dedicated m-Functions for parameter fitting or Callbacks. See Carnot m-Functions for Models.

4.2 Utility Functions (m-Files and C-Libraries)

In this chapter, the utility functions already mentioned in Basic Concepts (chapter 2.3) are referenced.
This utility functions are m-files or m-functions, that can be called from the workspace. Some utility function provide input values to
specify the components in your model (like "taualfa"), other facilitate operations like compiling the underlaying C-Mex m-Functions.

See Carnot m-Functions Overview for the m-files and functions

4.3 Utility Functions (C-Libraries)

Oher functions e.g. the Carlib library have supporting m-functions for Carnot s-functions (e.g. enum and class definitions).
These libraries have to be compiled together with the s-function (see 3. Advanced Topics for details).

See Carnot C-Library Overview for the C-libraries.
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CARNOT - Helpfiles

@ Help

|_
Documentation

=— CONTENTS

« Documentation Home

¥ Carnot (Supplemental Software)

Tutorial and Getting Started

Basic Concepts

Advanced Topics

¥ Blocks and Functions

Block m-Functions
General m-Functions
C-Functions

Verification

Literature

Carnot Web Site

Custom Documentation 0 l + ]

Carnot Blocks

Contents

Basic/Electric
Basic/Heat_Transfer
Basic/Hydraulics

Basic/ Material_Froperties
Basic/Pressure_Drop
Basic/ Thermal_Models
Basic/Weather_and_Sun
Caontral

Hydraulics

Load / General

Load /Hot_Water_Tapping
Load /Houses

Outputs

Source [ Boiler

Source [ Chiller

Source [ Cogeneration
Source [ Electric_Generator
Source / Energy

Source [ Heat_Exchanger
Source /Heat_Pump
Source / Simple

Source [ Solar_Thermal

Source / Solar_Thermal / IncidenceAngle)

Documentation
= CONTENTS Close

4 Documentation Home

¥ Carnot (Supplemental Software)
Tutorial and Getting Started
Basic Concepts

Advanced Topics

€

Blocks and Functions
Blocks
General m-Functions
C-Functions

Verification

Literature

Carnot Web Site

Custom Documentation % l + ]

Carnot m-Functions for Blo

Contents

= Basic/Electric

= Basic/Heat_Transfer

» Basic/Hydraulics

= Basic/Material_Properties

= Basic/Thermal_Models

Hydraulics

= Load/General

= Load /Hot_Water_Tapping
= Load/Houses

= Cutputs

= Source/Boiler

= Source / Chiller

= Source | Electric_Generator
= Source /Energy

= Source /Heat_ Pump

= Source ! Solar_Thermal

= Source /Solar_Thermal / Incidence

= Source/Solar_Thermal

Storage / Thermal

= Toolbox

Basic / Electric
CarnotCallbacks_EBCreator

@ Help

| Customn Documentation

Documentation

= CONTENTS Close

4 Documentation Home

¥ Carnot (Supplemental Software)

Tutorial and Getting Started

Basic Concepts

Advanced Topics

v Blocks and Functions

Blocks
Block m-Functions
C-Functions

Verification

Literature

Carnot Web Site

Carnot m-Functions Overview

Contents

= carnot_library_tools

= comiort

data_input

economy

hydraulics

material_properties

physical_units

time_functions

weather_and_sun

carnot_library_tools

BlocklsinCarnotLibrary
AlB_format

BDE_format

EE_format

THE_format

WDE_format
CarnotCallbacks_CONFblocks

CarnotCallbacks_GetFiles

Helpfiles and summary are created (,,publish) automatically using the Carnot folder structure
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Weather

CARNOT = Internal Structure : Verification

taload examples

dauble click

Toalbax

Storage

Command Window

rce

double click to
load Carnot Internal

>» run('C:h\repos\Lib Carnothwverification‘\wverification carnot.m')
——— starting verification of CARNCT library and functions —-—-

4 & carnot_svn density of Water CEK: error 0.000

* . branches heat capacity of Water OE: error 0.003
. tags thermal conductivity of Water OK: error 0.011 i
4 trunk Warning in wiscosity: temperature out of range! _a

- L] (=]
> &) intemal Valid temperature range from 0°C to 1ae0°C

Warning in wiscosity: temperature out of range!

22| =1 ] B ] I S S

4 & public ) . .:- i
) Valid temperature range from 0°C to 1&0°C
- bin Warning in wiscosity: temperature out of range! i 5
% data Valid temperature range from 0°C to 160°C
» @ library_c Warning in wviscoszity: temperature out of range!
> #. library_m Valid temperature range from 0°C to 160°C

. . . . kinematic wviscosity of Water CE: error 0.007
#. library_simulink —

il SFC 285 of 290: werify Select Weather_mdl OK: error ©.06068
| src_m
= T 286 of 298: TrackedSurface OK: error ©.008
4wy tutorial
> #y doc 287 of 29@: WDB2ZTHB OK: error ©.008

%. eamples 288 of 298: verify WeatherDatafile mdl OK: error @.000

#%. guidelines
rSimpleModel OK: error @.G08

#. =_functions

#. templates

: validating\WeatherFromWorkspace OK: error ©.000

. VErsicn_manager v g
Zeile 1, Spalte 1 100% Unix (LF) AMSI %
verification is correct for Matlab R2018b, R2020b, R2021b § 3



CARNOT — Internal Structure : Version Manager

4@ carnot_svn
> @y, branches
. tags
4% trunk
. internal
4 & public
J bin
#. data
» @ library_c
- #. library_m
@y library_simulink
@ SrC
#. src_m
4wy tutorial
> iy doc
# examples
#%. guidelines
#. =_functions
#. temnplates

#%. verification

# VErsion_manager

e e Qe Qe e e O Qv e e O O O

AddTeCarnotMDL.m
ChangeCopyrightMotice.m
CheckFerBadBlocks.m
CheckUpgradefdvisor.m
CleanUp.rm
CopyRemainingFiles.m
CreateCarintMDL.m
CreateCarnotMDL.m
CreateMFileHelp.m
MakeMEX.m
MakeMEX_CleanlUp.m
SearchDirectory.m

SearchFiles.m
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Weather

Carnot — Where to find it?
https://de.mathworks.com/matlabcentral/fileexchange/68890-carnot-toolbox

ta Ioad examples
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CARNOT Toolbox
version 7.0 by Arnold Wohifeil
# The CARNOT toolbox contains models for thermodynamics/energy engineering with focus on HVAC systems.
h https://fh-aachen.sciebo.defindex php/s/0hxubOilJrui3ED

https://www.gomatlab.de/carnot-toolbox-f108.html

ontrol

[
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https://www.fh-aachen.de/forschung/solar-institut-juelich/carnot/

SIJ | SOLAR-INSTITUT JULICH
CARNOT Toolbox

CARMNOT is a toolbox extension for MATLAB SIMULINK. It is a tool for the calculation and simulation of the
thermal components of HVAC systems with regards to conventional and regenerative elements. The CARNOT

Toolbox is a library of typical components of these systems. It is organized in Blocksets like the SIMULINK %
Library itself. The handling of the blocks is exactly the same as in SIMULINK, so that users familiar with g
SIMULINK can directly use the new Blocksets in the same way. HB HH _ N
Email: carnot@sij.fh-aachen.de s,

g g
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Weather

CARNOT — Library Structure
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CARNOT — Library Structure

®3 Librany: camot - Simulink — O
File Edit View Display Diagram Analysis Help
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Weather

CARNOT — Library Structure

Toalbox
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ta Ioad examples

Storage

load Carnot Internal

B
®3 Librany: camot - Simulink — O x -ﬂ E
b
File Edit View Display Diagram Analysis Help
¢
Ol = .
k-3 - s =9 - S o
carnot .j Eéf_;
B
e Y
& Nil:
€3 SL
Basic Caontrol Hydraulics Load Cutputs Source Storages Toolbox Weather
Camot 7.3 : .
k] double click to double click
! for MATLAB R2018b
|r \'\t Solar-institute Juslich load Camot Internal to load examples
Help
| \
» |
Ready 100%
Pumps
o0
o~
Valves S
]
Pi 8
pes .
88
[o] (]
= oo
3 &




Weather

CARNOT — Library Structure

Toalbox
double click
ta Ioad examples

Storage

double click to
load Carnot Internal
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CARNOT — Library Structure
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CARNOT — Library Structure

Ice store
Battery
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CARNOT — Library Structure

Toalbox
double click
ta Ioad examples
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CARNOT — Library Structure
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CARNOT — Examples
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