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Heat Transfer Fluids  (HTF) for Solar Technology 

•Systems
–Parabolic trough
–Central Receiver

•Functions
–Energy storage
–Working fluids

Objective

Provide the lowest 
cost, hightest
performing HTF for 
concentrated solar 
power.

parabolic trough central receiver
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HTF considerations are numerous

 Requirements

 Operating range

 Transport properties

 Heat transfer characteristics

 Corrosion

 Decomposition

 Constraints

 Equipment

 Cost

 Experimental data

 Time

 etc.
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Use of computation to resolve material 
properties for mixed salts

•Close data gaps

•Explore new candidates

•Expedite search space

•Develop new material models
Thermophysical properties: 

Tmp, Cp(T), kt, r, h

Thermophysical properties: 

Tmp, Cp(T), kt, r, h
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Multicomponent property predictions

•Methods
–Classical 

thermodynamics
–Atomistic simulations
–etc.

•Constraints
–Mass balance
–Laws of thermodynamics

Pure 
component
properties

Binary,
ternary

Mixture
Properties

Property target

DToperation, Cp(T), kt, r

Possible
Candidate salts

Modeling Experiments
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Chemical phase equilibria: liquid to solid
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Tracking liquidus lines based on Wilson Equation

1) Use of binary data to fit binary

interaction parameters 

2) Extrapolate to ternary and

quaternary phase diagrams.

(Sun et al., SAND2011-1703)

LiNO3 and KNO3

LiNO3 and NaNO3 KNO3 and NaNO3

CsNO3 and NaNO3 LiNO3 and CsNO3

CsNO3 and KNO3
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Calculated

Teutectic(C°)

Experimental

Teutectic(C°)

Reference Error

(%)

LiNO3-KNO3-NaNO3 (1-2-3) 129 120 27 7.5

LiNO3-NaNO3-CsNO3(1-3-4) 133 130 28 2.3

KNO3-NaNO3-CsNO3(2-3-4) 153 154 29 0.60

LiNO3-KNO3-CsNO3(1-2-4) 115 N/A N/A N/A

LiNO3 KNO3 NaNO3 CsNO3 Error

(%)

LiNO3-KNO3-NaNO3

(1-2-3)

0.360 0.481 0.160 0.00 8,10,4

LiNO3-NaNO3-CsNO3

(1-3-4)

0.375 0.00 0.211 0.414 20,21,15

KNO3-NaNO3-CsNO3

(2-3-4)

0.00 0.340 0.364 0.296 7,16,8

LiNO3-KNO3-CsNO3

(1-2-4)

0.373 0.356 0.00 0.272 N/A

Ternary phase diagrams
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Task:   Classical ThermodynamicsPrediction of melting points of quaternary 

mixtures of nitrate salts using the Wilson Equation 

(Davison & Sun, in review, I&EC research, 2011)

Mixture of 0.28 LiNO3, 0.14 NaNO3, 0.33 KNO3, 0.25 CsNO3

predicted to melt at 100°C 
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Task:   Molecular Dynamics

S Jayaraman, A. P. Thompson and O. A. 

von Lilienfeld, accepted, Phys. Review E.

Phase Diagram based on Molecular 

Dynamics

A.G. Bergman and K. Nogoev, Zh. 

Neorg. Khim., 9 1423 (1964) - Ternary

H. R. Carveth, J. Phys. Chem., 2, 209 

(1898) -

1. Constructing a continuous 

path that gradually 

transforms the liquid in to 

the solid at one 

temperature to get 

2. DGsolid->liquid

3. Gliquid(T,x), Gsolid(T)
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Task:   Molecular Dynamics
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Experimental 

value: 1.53 cP

1.4 cP

Experimenta

l value: 1.3 

cP

1.7 cP

Experimenta

l value: 1.35 

cP

1.6 cP

LiNO3

NaNO3

KNO3

S Jayaraman, A. P. Thompson , 

O. A. von Lilienfeld and E. J. 

Maginn, I&EC Res, 49, 559-

571 (2010)

Transport Properties based on Molecular Dynamics



13

0.7 W/mK

Experimental value: 0.64 

0.58 W/mK

Experimental value: 

0.48 

0.51 W/mK

Experimental value: 

0.36 

LiNO3 NaNO3

KNO3

gradient (K/Å) gradient (K/Å)

gradient (K/Å)

Task:   Molecular Dynamics

S Jayaraman, A. P. Thompson , 

O. A. von Lilienfeld and E. J. 

Maginn, I&EC Res, 49, 559-

571 (2010)

Transport Properties based on Molecular Dynamics
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Experimental effort 
(J. Cordaro & R. Bradshaw, 2010)
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Past energy storage studies*

0

100

200

300

400

500

600

700

800

0 100 200 300 400 500 600

M
el

ti
n

g 
P

o
in

t 
(C

el
ci

u
s)

Thermal Storage Density (latent heat) (kWht/m^3)

Thermal Storage Density (Cp*r*DT)  vs. Melting Point

LiF/NaF/KF (29.2/11.7/59.1)

Na2CO3/Na2O/NaOH (15/10/75)

Li2CO3/Na2CO3/K2CO3 (1.21/50/48.8)

BaCl2/Ca(NO3)2 
(47.6/52.4)

CaCl2/KCl/NaCl (64.5/6.5/29)

KOH/NaOH (0.64/0.36)

LiOH/LiCl (49/51)

KNO3/NaNO2 (49.8/50.2)

LiNO3/Li2CO3 (95/5)
LiNO3/Li2SO4 (97/3)

KF/LiF/MgF2 (8.4/43.2/48.4)

LiF/NaF/CaF2 (35.2/38.3/26.5)
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–Generalize and optimize methodology for the 
routine exploration of composition space in multi-
component systems.  

–Search through historical studies for overlap.
–Reconcile concurrent effort with other institutions 

(NREL, UAlabama, UWisconsin, Halotecnics )
–High temperature property estimations and 

decomposition chemistry
–Use of atomistic simulation for pure component 

data not available experimentally.

Task:   Computational Modeling – Classical Current effort
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*References
Author(s) Title Date Publisher ID

Ferrara, Angelo, George 

Yenetchi, Robert Haslett, 

Robert Kosson

Thermal Energy Storage Heat 

Transfer Oct-77NASA NASA CR 135244

Ferrara, Angelo

Thermal Energy Storage Heat 

Exchanger Sep-77ORNL CONF-770955

Haslett, R., J. Alario, and 

G. Yenetchi

Active Heat Exchanger System 

Development for Latent Heat 

Thermal Energy Storage System Dec-78SNL/CA CONF-781231

LeFrois, R.T., G.R. 

Knowles, A.K. Mathur, and 

J. Budimir

Active Heat Exchange System 

Development for Latent Heat 

Thermal Energy Storage Feb-79

Honeywell/NASA/

DOE DOE/NASA/0038-79/1

Alario, Joseph, Robert 

Kosson, and Robert Haslett

Active Heat Exchange System 

Development for Latent Heat 

Thermal Energy Storage Jan-80

Grumman/NASA/

DOE DOE/NASA/0039-79/1

Petri, Randy.J., Terry D. 

Claar, and Estela T. Ong

High-Temperature Molten Salt 

Thermal Energy Storage Systems for 

Solar Applications Jul-83IGT/NASA/DOE DOE/NASA/0156-83/1

Survey and Selection of Inorganic 

Salts for Application to Thermal 

Energy Storage Jun-75USRDA ERDA-59

Heine, D., F. Heess, and 

M. Groll

Physical and Chemical Properties of 

Phase Change Materials for 

Application in Solar Tower and Solar 

Farm Plants Aug-90

SOEMDH 24(1-4) 1-

782(1991)
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