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Heat Transfer Fluids (HTF) for Solar Technology

*Systems Objective
—Parabolic trO}Jgh Provide the lowest
—Central Receiver cost, hightest

e Functions ‘ performing HTF for

concentrated solar

—Energy storage
—Working fluids

power.

parabolic trough central receiver
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HTF considerations are numerous

= Requirements = Constraints

o Operating range 0 Equipment

0 Transport properties a Cost

o Heat transfer characteristics o Experimental data
o Corrosion o Time

o Decomposition o 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:
Trpr Co(T), K o 77
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Multicomponent property predictions

Property target

AToperation’ Cp(T)v kt’ P

!

Possible
Candidate salts

.

[ \
Modeling Experiments

Mixture

Pure i .
Binary, Properties

component ternary
properties

* Methods
—Classical
thermodynamics
—Atomistic simulations
—etc.

* Constraints
—Mass balance
—Laws of thermodynamics
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Chemical phase equilibria: liquid to solid

Equality of chemical potential. - o 9y CNANGe tOn melting

f.° 1
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f solid 1: liquid Activity coefficient represented
[ N By Wilson Equation
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Tracking liquidus lines based on Wilson Equation

KNO,; and NaNO, CsNO; and KNO4

mole fraction NaNO,

(Sun et al., SAND2011-1703)

st LINOg and CsNO,

06
raction LINO,

06
mole fraction KNO,
06

fraction KNO,

1) Use of binary data to fit binary
Interaction parameters

2) Extrapolate to ternary and
quaternary phase diagrams.

Aii Aii
LiNO,-KNO; (1-2) 3.157 2.363
[INO, NaNO; (1-3) | 2.221 0.5753
KNO,-NaNO; (2-3) T.021 0.5931
CsNO;-KNO; (4-2) 0.5010 1211
CsNO,-NaNO; (4-3) | 1.278 1.906
CsNO,-LiNO; (4-1) | 4.438 7281

g
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Ternary phase diagrams

Calculated | Experimental | Reference | Error
7:Jlmar*fir(co) ];lmnrtir(co) (%)
LINO,-KNO,-NaNQO, (1-2-3) | 129 120 27 7.5
LINO,-NaNO,-CsNO,(1-3-4) | 133 130 28 2.3
KNO,;-NaNO,-CsNO,(2-3-4) 153 154 29 0.60
LINO,-KNO,-CsNO,(1-2-4) 115 N/A N/A N/A
LiNO, KNO;, NaNO, CsNO;, Error
(%)
LiNO;-KNO5-NaNO, 0.360 0.481 0.160 0.00 8,10,4
(1-2-3)
LiNO;-NaNO;-CsNO, 0.375 0.00 0.211 0.414 20,21,15
(1-3-4)
KNO,;-NaNO;-CsNO, 0.00 0.340 0.364 0.296 7,16,8
(2-3-4)
LiNO;-KNO,-CsNO, 0.373 0.356 0.00 0.272 N/A
(1-2-4)
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Mixture of 0.28 LiNO,, 0.14 NaNO,, 0.33 KNO,, 0.25 CsNO,
predicted to melt at 100°C
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Phase Diagram based on Molecular
Dynamics

NaNOg;

1. Constructing a continuous
path that gradually
transforms the liquid in to
the solid at one
temperature to get

2. AGsoIid->quuid

3. Gliquid(T’X)v Goiia(T)

S Jayaraman, A. P. Thompson and O. A.
von Lilienfeld, accepted, Phys. Review E.

A.G. Bergman and K. Nogoev, Zh.
Neorg. Khim., 9 1423 (1964) - Ternary

4108 'ﬂ23

H. R. Carveth, J. Phys. Chem., 2, 209 ' A e
(1898) - K KNO3 LiNOy
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Change in Helmholtz Energy between solid and

liquid, MD simulations
5

N

(09)

2.62 kcal/mol

.
x.’
"
’

N

Expt: 5.7 kcal/mol "'y = -5.58259 + 0.00983*T(in K)

DI_lsol—>liq,Ca(N03)2 (kcal/mol)




Transport Properties based on Molecular Dynamics

N (cP)

Experimenta
| value: 1.3

mode-coupling fit

NaNOs

0 le-05

-- mode-coupling fit

2 T T T T ‘ T T T
Experimental LINO3 | -~ Mode-coupling fit‘
value: 1.53 cP
1.5 ! —
L = |_I_| .......... 1§'T ..... FI'| .......
|12 cP
Ay
£ 1+ N
~
05 1
N R NS SR S S R
OO 00001 0.0002 0.0003 0.0004 0.0005 00006 0.0007
shear rate (/fs)
2 T T T T I
KNO3
1.75

S Jayaraman, A. P. Thompson,
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Maginn, I&EC Res, 49, 559-
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12

SO
A~ E‘EE! .......... e
CANEIE ) i a g, _
= |
xperimenta
| value: 1.35
1251 = .
1 ! | L | ! | ! | ) | .
0 le-05 2e-05 3e-05 4e-05 5e-05
shear rate (/fs)

|
2e-05 3e-05
shear rate (/fs)

4e-05 5e-05

Sandia
National _
Laboratories



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™

Thermal Storage Density (C,*0*AT) vs. Melting Point
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Current effort

—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.
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