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1. Tube side ENG-salt
samples (x 5)
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Large Temperature Jump (LTJ) — reactor with expansion volume

2. Shell side NG-saIt
- samples (x 2-8)






Isosteric Temperature Change (ITC) — reactor without expansion volume
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ITC Outputs
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Reaction ABe.gBaCl,A=8&B=0,MnCl,A=6&B=20orCaCl,A=8&B=4

YaB
m Peq,, =P
_ SALT EQ
deALTAB - ( Msarr, T Msarr, ) dt - Ang .
Msarr, T Msarr, P
ReactionBCe.gMnCl,B=2& C=1o0rCaCl,B=4&C=2
m YBC p p
. SALT, EQse
deALTBC - ( Msart, T Msar, )dt : Agc .
Msarr, T Msacr, p

Derived & based on Lebrun and Spinner! and Mazet, Amouroux and Spinner?. X = Advancement

%:(1_)()“.”. P-R(M)

1 M. Lebrun and B. Spinner, "Models of heat and mass transfers in solid-gas reactors used as chemical heat pumps," Chemical Engineering Science, vol. 45, no. 7, pp. 1743-1753, 1990.

2 N. Mazet, M. Amouroux, and B. Spinner, "Analysis and experimental study of the transformation of a nonisothermal solid/gas reacting medium," Chemical Engineering Communications, vol. 99, no. 1, pp. 155-174,
1991, doi: 10.1080/00986449108911585.



Desorption3

B C) dpV,
dQ - deASAB AhAB o dmADsAB PV aps (l_ j - deASBC Ath - dmADsBC PV aps (l_ j + P dv
A B) 1,
4T = P
PVy
N T
MCp + Z Myr_aDs CVADS + mGASV CVGAS _Tp
A 1+ &
P

Adsorption3 — similar but with additional gas void terms.

3 R.E.Critoph, email 08/07/2020. Proof is in the p|0tting...
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The MATLAB model uses the experimental AH and AS values.

+ 5 modelling parameters:
Conductivity of ENG

Wall heat transfer coefficient (characterised by an ammonia gas gap between
the tube side wall and composite sample);

Fraction of salt accessible to gas (active fraction);
and the two reaction rate constants, A
and vy, Slide 10, which are different for adsorption and desorption.

The model has been developed to simulate output as well as determine
specific mean power output from the reactions.
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Heat Transfer Improvements

* Reduction of the gap * Tube inserts
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Lots of salts tested: NH4CI, NaBr, BaCl2, CaCl2 & MnCI2 for LTS and HTS

thermal transformation and heat pump applications.

Model outputs match well with experimental data through matching of five
key modelling parameters — the “gap” identified as key to performance.

SMPW output targeted for 1 kW/litre and work is ongoing to achieve this.

Future plans are to produce working designs for proof-of-concept heat pump
and thermal transformer resorption machines, with manufacture immanent.
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