
Welcome!

Webinar #7:  MODELLING SOLAR THERMAL SYSTEMS
27 JULY 2017

Agenda:

* Introduction

* Solar Components in Thermoflex-PEACE

* Design Mode
* Off-design simulation: controls @ operating points
* Link to Excel, “dynamic” simulation and annual yield
* Hybrid plants and other examples

* Q & A Session

Presenter: IGNACIO MARTIN (SPAIN)
Support: Meritt Elmasri (U.S. HQ)



Thermoflow Training and Support

- Standard Training 

- On-site training course

- Advanced Workshop

- Webinars when new version is released

- Help, Tutorials, PPT, Videos

- Technical Support

 Feature Awareness Webinars
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Feature Awareness Webinars

1- Assemblies in TFX

2- Scripts in Thermoflow programs, GTP-GTM-TFX

3- Multi Point Design in GTP-GTM

4- Reciprocating Engines in TFX

5- TIME in GTM

6- Matching ST Performance in STP

7- Modeling Solar Systems in TFX 

3

3©Thermoflow Inc. 2017 – Webinar: Modeling Solar Thermal Systems in THERMOFLEX, July 27, 2017  by IGNACIO MARTIN



Solar Thermal Development in TFX
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Tflow18: Parabolic Trough + HT Fluid + Heat Exchangers

Tflow19: Linear Fresnel Collectors, DSG

Tflow20: SF with two-tank thermal storage

Tflow22: Solar Tower and Heliostats

Tflow26: Solar PV



Solar Components in TFX-PEACE

5
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Solar Components in TFX-PEACE - 2

6
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Example:
50 MW Parabolic Trough
w/ Molten Salts storage
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Solar part
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Water-Steam Cycle
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Design, TD Mode
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Main Inputs

- Ambient Conditions (affecting the cycle efficency and heat input)

- HTF Specification & minimum Pressure

- Solar Field type, HTF exit Temperature, (HTF mass Flow)

- Splitter: Fraction of HTF to Steam Generator – Reheater

- Superheater / Reheater: Exit Steam Temperature

- Evaporator: Pinch Point  / (Steam mass Flow)

- Economizer: Water exit Temperature or Approach Subcooling

- Pressure Drops: user assumptions or defaults 



HTF Specification
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Flow Specification
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HTF to Steam Generator
- HTF mf (strong) + Evaporator Pinch  Steam mf
- HTF mf (strong) + Steam mf  Evaporator Pinch (if > “mínimum pinch”)
- Evaporator Pinch + Steam Production  HTF mf

HTF to Reheater
- Fractions from Splitter (Strong) 
- Component sets Shell Flow+ Cold End Approach Diference (minimum Flow)

Control Loop to determine HTF / Steam mf to achieve a Power Output



Control Loop
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Control Loop Power TD

Gross power = 50000 kW

Lower Control Primary Control

Primary Control: Shell-Tube Evaporating HX (PCE) [44] : Desired steam production = 56,15 kg/s

Upper Control

Set Point: 50000

44480

53450

56,15

50 60
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Design, ED Mode
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Main Inputs

- Solar Field

- Irradiance

- Collector Design

- Flow Path

- Storage

- Heat Exchangers: Hardware

- Pressure Drops: computed (check pipes DP) 



Irradiance
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Collector Design, Physical Model
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Collector Design, Data-Defined
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Heat Exchangers Hardware
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Storage System
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- Solar Multiplier

- Hours of Storage

- HX Size (%)

- Delta T cold / hot side

- Sizing LMTD

- Molten Salts specification

- Pressure Drops



ED Mode, Outputs
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ED Mode, Outputs
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ED Mode, Outputs
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Off Design
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- Resizing

- Resizing the Solar Field (Check Pipes, Pumps involved)
- Storage System Tank Temperatures and capacity
- Resizing the Heat Exchangers (number of tubes & length / Shell geometry)

- Inputs

- Controls

- Operating Modes

- Link to MS Excel for “dynamic” simulation



Resizing the Solar Field
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Resizing the Storage System
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Off-Design
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Main Inputs

- Power Output

- Ambient Conditions

- Irradiance

- Time period each run represents

- Hot Tank Level

- Solar Field / Storage System status



Off Design Controls
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- Solar Field

- Desired Delivery mass Flow
- Number of operating Flow paths
- Low Heat Input Field shutdown (% of design)
- High Heat Input field Flow limit (% of design)

- Storage System

- Working / out of service
- Hot Tank level
- Maximum mf (% of design)

- Flow determination

- Control Loop for Desired Delivery mf to satisfy Power Output demand
- HX Flow specification (network / component)
- Controlled Splitter: parameter matching (TSH = TRH)



Off Design, Control Loop
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Control Loop Power OD

Gross power = 49997 kW

Lower Control Primary Control

Primary Control: Solar Field w/ Storage [39] : Desired delivery massflow = 544,7 kg/s

Upper Control

Set Point: 50000

47691

52609

544,7

500 600
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Off Design Flow Diagram
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Off Design simulation
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1. Check Operating Modes in TFX, define the Control Loops for each case

2. ELINK, define variables, limits, logic functions to operate at each mode

3. Run a 24 hours case for Summer and Winter conditions

4. Calculate the Annual Yield



Off-Design Operating Modes
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1 2 3 4 5 6 …

Inputs Irradiance High Very High High High Low No

Power demand 100 100 100 100 100

Storage in service 1 1 0 1 1 1

Hot Tank level <100 <100 100 >min >min

Outputs Power 100 100 100 100 100 X

Charging 1 1

Discharging 1 1

Defocus 1 1 1



Off-Design simulation, mode 2
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Off-Design simulation, mode 1

33©Thermoflow Inc. 2017 – Webinar: Modeling Solar Thermal Systems in THERMOFLEX, July 27, 2017  by IGNACIO MARTIN



Off-Design simulation, mode 4
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Off-Design simulation, mode 6
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ELINK: Operating Modes
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ELINK: 24 hours “dynamic” simulation



ELINK: Annual Yield calculation
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Sample (Elink4) Hourly Simulation-Entire Year.xlsm



Running your own software for detailed Solar Field 
calculations?
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Replace the SF with a Heat Adder

ELINK: enter the Heat Transfer, oulet state
& Pessure Drop to the Heat Adder
Add the associated Auxiliary Power



Solar Thermal info and examples
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Solar Thermal Samples
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THERMOFLEX
(S5-07)SolarThermal_ParabolicTrough:
(S5-07a)SolarThermal_Tower:
(S5-08)Integrated Solar Combined Cycle:
(S5-09)SolarThermalStorage_RankineCycle_OD:
(S5-09B) MoltenSaltThermalStorage_RankineCycle_OD:
(S5-10) SolarThermal_Fresnel_DirectSteamGeneration:
(S5-10a) SolarThermal_Fresnel_DSG_FossilBackup:
(S5-22)SolarPV with Gas Turbine Backup using Scripting:

EXCEL
(S5-09)SolarThermalStorage_AnnualOperation
(S5-08) Integrated Solar Combined Cycle
(S5-09b)MoltenSaltThermalStorage_RankineCycle_OD
(S5-10) SolarThermal_Fresnel_DirectSteamGeneration
(S5-10a) SolarThermal_Fresnel_DSG_FossilBackup
(ELINK4)Hourly Simulation - Entire Year



Q & A Session
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IGNACIO MARTIN GONZALEZ
Málaga - SPAIN

martin@thermoflow.com
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