Computationally Efficient Numerical
Modelling of LiBr-H,O and H,O-NH, in
Single Effect, Double Effect and Double
Lift Absorption Refrigeration
Configurations Using Open-Source Tools
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Motivation

Deep geothermal energy offers a huge
potential for absorption chillers

“Bathtub” heat demand — access heat
iIn summer month accompanied with high
cold demand

ACs can be placed in geothermal CCHP
behind processes like organic Rankine
cycle or district heating

Low driving temperature is beneficial
for both use cases

Basic AC models are not available as
Open-Source code

Publications for numerical investigation of
ACs often leave out important cycle
characteristics or lack validation

Urban Heat and Cold Demand
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Figure 1: Typical urban heat and cold demand in the state of Bavatria,
Germany
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The Absorption Chiller Principle

Working principle:

 Solution cycle with absorption and Pt
desorption of refrigerant at different Qeond Qs
pressure levels ! . !
) Condenser f[----------------+ Desorber
* “Thermal compressor” instead of — - -
mechanical compressor . 6 ShEx
« Cold production from thermal energy - 2 7p
with very little electrical energy input ‘;j; o D
_ _ 5 ;,’6 i 1 8
Basic absorption cycle: mp——— o P
« Two pressure levels, three ! |
temperature levels Qevep Qets

« Most prominent working fluids: LiBr-

cycle model in a pT-diagram, including all relevant state points.

This presentation is under the protection of the IR copyright transfer policy signed by the authors before the conference. / Ce document est sous la protection de la politique de transfert de copyright de I'lIF signée par les auteurs avant la conférence.
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Figure 2. Schematic representation of the basic single effect absorption
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Fluid Property Calculation

CoolProp

 Open Source
» Used for pure fluid
calculations in the models

REFPROP

IMAGEZ.RFP - REFPROP (R134a) - NIST Reference Fluid Properties (DLL versi
Fle (ot COpoers Sebstance Csiculste Flot findow  Help  Cagtioss

vy
BiAGE)

i

[ P i1 M Cormerd Tkt iy ol S Db

Licensed
Used for calculation of
NH;-H,O solution states
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A computationally effective formulation of the thermodynamic
properties of LiBr—H-O solutions from 273 to 500 K over
full composition range
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Abstract

A set of y efficient of y prop of LiBr-H,0 solutions at vapor-liquid
equilibrium is presented in the form of explicit separate functions of temperature and mixture composition. The set includes
pressure, density. isobaric heat capacity, enthalpy, and entropy. The description of these properties is valid from 273 K or from
the crystallization line up to 500 K in and for mixture ion from 0 to 75 wt% of LiBr in the solution. The
equations are based upon a body of experimental data that have been critically assessed. Gaps in the database are shown to give
experimenters orientation for future research. The structure of the equations guarantees an explicit transition to the properties of
pure water for lithium bromide concentration approaching zero. The uncertainties associated with correlation are estimated to

* Numerically effective
formulations for the
calculation of H,O-LiBr
solution states

« Saturated solution states
only
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Input Structs
Heat source temperature
Heat sink temperature
Cold output temperature
Heat Input/ cold output
Pump efficiency
Refrigerant superheating
Internal HX PP temperature
difference

ala

Model Assumptions
Steady state
Saturated vapor at
evaporator outlet
Saturated liquid at
condenser outlet
Saturated solution at
desorber and absorber
outlet
No pressure losses
No temperature losses

This presentation is under the protection of the IR copyright transfer policy signed by the authors before the conference. / Ce document est sous la protection de la politique de transfert de copyright de I'lIF signée par les auteurs avant la conférence.

Calculation Procedure (Single Effect)

System pressures

Check for

Crystallization

Calculate minimal necessary
condenser pressure

Solution
Concentrations

Refrigerant
States

Solution States

Energy and Mass
Balances

Wil = mgci)clhwrich = m?glorwpoor

Myep = migi* —miy"

Qneat source = mfglorhfjf"’”t 4= mrefhgee;'out =
mg(i)clh hg)(z)tlmp,out

Qcola = Myef (hiZ?p’out > hiz}zp,in)

Post Processing

richpdes,in _

Msor hsol

poor; des,out rich ppump,out ____poor valve,in

sol hsol + sol hsol sol hsol
cond,out _ hcond,in

Qcona = Myer (href ref
Qabs =

richhabs,out_ poorhabs,in
sol '*sol sol sol
ideal __ pump,out
hSHEX - fsol(pcondl Tsol
ideal __ cond,out
hifiek = frer (Pevap, Ui
des,in pump,out
- hoot” —Rsor
NsHEX = hdes,out_hideal
sol SHEX
abs,in evap,out
o href _href
NRHEX = hideal _hevap,out
RHEX ref

COP = M
WpumptQdes

Checks

Mass balance
Energy balance
Concentrations
Crystallization
Mass flows
Minimal
concentration
difference
Temperatures
where Patek is
used

Output Structs

Temperatures
Pressures
Enthalpies
Concentrations
Mass flows
Energy flows
Post Process
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Double Effect Cycle Solution Procedure

Middle pressure desorber temperature as low

. pﬂ Qdes
as possible: |
des out. min sat( ) Condenser I |- -—-—--—-—--—-- Desorber I
* Tsor = fsot (Pcond> Wrich + AWpin
71
Upper pressure condensation temperature: 0. s
cond 2,7
. t
des,out, d,l »
Teonas = Tsois PR 4 ATlfgn Condenser
Energy balances: 3
Q _ (hcond,l,out _ hcond,l,in a 1 o
cond,] = Myef 1 ref ref d; . :
* Qdes = —Qcona, A 3
¢ Quos = mgglorh;lgls,out + mrefh;l:;,out _ mg(i)clhhzétlmp,out Evap;orator IR Absi)rber
Additionally, desorber or evaporator energy Qo e
balance: T
* Qneat source = MEo RIESLOUL L 1 paestout _ rich hpulmp'l.out Figure 3: Schematic representation of the double effect absorption
sot e et o cycle model in a pT-diagram, including all relevant state points.
* Qcola output — (mref + mref,l)(hiZ?p'out - hi;?p'm)
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Double Lift Cycle Solution Procedure

Middle pressure level for maximum efficiency  ,, o o
cond des,I

(Venegas et al. (2002)): ; |
Pmid = /PevapPcond Condenser ! Desorber I
g . . 4 ,,/ 2pl 71
Steady state mass flow equilibrium: i 4
2 21
¢ Myer = Myef 7 @ 7pl Ques
11 '
Energy balances: o
. 7 Absorber I |3| Desorber
 Ques = MEST BTN £ ST — R o ¢ :
-_RHEX !
o Ques; = mpoor,Ihdes,out,I +m flhdes,out,l _ mrich,lhpump,out,l 4p.7 7 | Qabs,1
es,] — "*sol sol ref,I''ref sol sol g"x, // |
- 5 - e I
Additionally desorber or evaporator energy R | S
balance: Evaporator R > Absorber
*  Qneat source = Qdes T+ Qdes,] QeTvap Qibs
¢ Qcold output — mref,l (hizjcclp,out - hiZ}lp'm) _T_-

Figure 4: Schematic representation of the double effect absorption
cycle model in a pT-diagram, including all relevant state points.
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COPs for Heat Sink and Heat Source Temperatures

* DOU ble EﬁeCt mOdEI Wlth 4g:OP of LiBr-H20 Single Effect Model 4('(,;OP of LiBr-H20 Double Effect Model 40COP of LiBr-H20 Double Lift Model
significantly higher
efficiencies and activation

temperatures
« Double lift model opposite “o4s
to double effect model L N
40 60 80 100 120 140 160 80 100 120 140 160 180 20 30 40 50 60 70 80
 LiBr-H,O has generally | Toes [C] Taes €] Toes [C]

higher COP

4g.:OP of H20-NH3 Single Effect Model 4%OP of H20-NH3 Double Effect Model 40COP of H20-NH3 Double Lift Model

« Validation with
experimental and S 4 s
simulative data from the R "
literature " "o
5 25 25 0.43
« Stable and robust ) - ~
Ca|CU|at|On for W|de range 40 60 807“1:0[@]120 140 160 80 100 1_?:85‘ [013;) 160 180 20 30 40Tde:o[°C]so 70 80

of boundary conditions | o o
Figure 5: COPs for all model configurations and working fluids evaluated

over a range of heat source and heat sink temperatures.
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Influence of Solution Heat Exchanger Efficiency

Solution heat exchanger pinch point temperature difference has major influence on absorption
chiller performance.

Influence of SHEX, HZO-LiBr Influence of SHEX, NH3-H20

1 . 1 - .
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Figure 6: Influence of SHEX pinch point temperature difference on absorption chiller performance; Temperatures: T, = 80 °C,
Teond = 25 °C, Typs =25 °C, Toyqp =3 °C
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Influence of Refrigerant Heat Exchanger Efficiency

Only minor influence of refrigerant heat exchanger in absorption chiller performance.
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Figure 7: Influence of RHEX pinch point temperature difference on absorption chiller performance; Temperatures: T, = 80 °C,

T -
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GitHub Repository

 Model code available via
the GitHub platform

« Matlab and Python

Issues Pull requests Actions Projects Security Insights

Implementatlon main ~ F1 Q0
b DOCU mentatlon Of use and um Ludwiglrrgang Update README.md
example scripts for use Matiab
Python

« More configurations will be
available in the future

README.md

README.md

« Currently changing the
fluid state calculations to SorpPump
Open-Source where

. Repository for sharing of sorption heat pump models. The models are available as MATLAB or Python Code in the
REFPROP is used

respective directory.

* Link: Working Principle
https://qithub.com/Ludwiqlr
rgang/SorpPump

Figure 7: Screenshot of the GitHub repository

This presentation is under the protection of the IIR copyright transfer policy signed by the authors before the conference. / Ce document est sous la protection de la politique de transfert de copyright de I'lIF signée par les auteurs avant la conférence.

Go to file
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Code ~


https://github.com/LudwigIrrgang/SorpPump

Ludwig Irrgang
Technische Universitat Minchen
ludwig.irrgang@tum.de
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Calculation Procedure

System Pressures
Pevap = f rse‘?t (Tevap)
Pcona = frse%ft(Tcond)

Check for
Crystallization

Calculate minimal necessary
condenser pressure
- t des,out
Wpoor = fsi)% (pcond'Tsoels = )

__ peryst
pcond,min = fsol (Tdes' Wpoor)

Solution Concentrations

— f£sat abs,out
Wyich = fsol (pevap: Tsol )

_ gsat des,out
Wpoor = fsol (pcond:Tsol

Refrigerant States

des,out __ mdes,out des,out
Tref — “sol ATref
des,out __ des,out
href = fref (pcondr Tref )
cond,out __ . .
href = fref (pcond' sat. llquld)

hf:?p’out = fref (pevap, sat. vapour)
Trael}s,in = Trceo;Ld,out o AT;;IEX
h?g;'in = fref (pevap' T:lel}s'in)
hlrigjlcve,m = hig}ld,out - (hgs;,m - hiz}lp,out)
Tvalve,in valve,in

i = fref (Pconar href )

Solution States

abs,out __ rsat abs,out
hsol — Jsol (WTiCh'Tsol )

pump,in _ rsat abs,out
17sol w fsol (Wrich' Tsol
_ ,bump,in
Wpump = Vo1 (pcond - pevap)

hpump,out o habs,out + Wpump
sol — "sol n
pump
valve,in __ mpump,out SHEX
lve,i TSOld A TS(Zil Y AITP'P d
valve,in __ es,out es,out smvalve,in es,out
hsol = hsol +Cp,sol (Tsol — Isol )
abs,in __ jvalve,in
hsol - hsol

Energy and Mass Balances

_ ., Tich poor
mref = Mgo1 Wrich — msol Wpoor

— . Tich poor
Myep = Mgor — Mgy

_ ._poor des,out des,out rich p pump,out
Qges =M h + mrefhref — Mg R

L evap,out _ evap,in
Qevap = Myef (href heer )

sol sol sol

Post Processing

richydes,in
Moq hsol
oory des,out i ump,out oor lve,i
= Eol hscfls = +m§(llcihhgol - w ?ol hgglve =
- cond,out cond,in
Qcond = mref (href - href
_ . Tichpabs,out __ poorabs,in _ abs,in
Qavs = Mgop hsol sol hsol mrefhref
ideal _ pump,out
hSHEX w fsol(pcond' Tsol
ideal __ cond,out
hRHEX = fref (pevap' Tref
des,in _ j; pump,out
- hsol hsol
sHEX = pdesout _ pideal
sol SHEX
abs,in _ ; evap,out
- h'ref href
NRHEX = pideal _ pevapout
RHEX ref

Qevap

cop=—-""L
Wpump + Qdes
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Influence of Internal Condenser Efficiency

 Pinch point temperature difference of Influence of Internal HX

internal condenser has major influence 1 T 2000
on double effect cycle efficiency _ source |
1.05 T e = 225°C
« Higher heat source temperature does not T = 250°C
lead to higher efficiencies 17 '
« Amount of internal heat recovery = 0.95 -
depends on upper condenser pressure %
level 5 -
2 09
L
0.85
0.8
0.75 ' ' ' - '
0 10 20 30 40

Pinch Point Temp. Diff., [K]

Figure 7: Influence of internal heat exchanger pinch point temperature
difference on double effect absorption chiller performance
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