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Motivation
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Experimental setup (with CaCl₂-H₂O)
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Assessing the Nusselt and Sherwood

numbers.

 Developing a generalised method.

 Model validation.

 Benchmarking new correlations

based on:

 Own measurements and

 Data from literature.

Aims

Heat and mass exchange through:

 Solar heating (QAbs)

 mixed convection (QConv)

 longwave radiation (QRad)

 water desorption (QDes)

 thermal conduction (QCond) and

 enthalpy (Ha, Hs).

Subscripts:

g = glass cover a = air s = solution p = absorber plate

h = housing amb = ambient gr = ground

Hs,out, ms,out
Ts,out, ξs,out

Hs,in, ms,in
Ts,in, ξs,in

Ha,in, ma,in
Ta,in, χa,in

Ha,out, ma,out
Ta,out, χa,out
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S = LR1 + ෍
i=1

7
LR2i + ෍

i=1

7
LR3i

LR1 = a0 + ෍
i=1

7
ai⋅Ui

Evaluation Method
Approach for coupled heat and mass fluxes: Nusselt number

Nu = Nulat + Nusen

Nulat = r0 + r1 − r0 ⋅S ⋅Nusen

Normalised output function

LR2i = Ui⋅෍j=1

8−i
bi,j ⋅Uj+ i−1 LR3i =Ui

2⋅෍
j=1

7
ci,j ⋅Uj

Multiple linear regression functions

Latent heat transfer

Sensible heat transfer: Gnielinski, 2010; Taler, 2017

1 ≤ i ≤ 7
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Evaluation Method

Logarithmically normalised dimensionless groups

𝑼𝟏 =

𝑳𝒐𝒈
𝑹𝒆𝒂

𝑹𝒆𝒂,min

𝟒. 𝟔𝟕𝟓

𝑼𝟒 =

𝑳𝒐𝒈
𝑲𝒂𝒔

𝑲𝒂𝒔,min

𝟑. 𝟏𝟓

𝑼𝟕 =

𝑳𝒐𝒈
𝑵𝒖𝒔𝒆𝒏
𝑵𝒖𝒔,min

𝟏. 𝟑𝟏𝟑

𝑼𝟐 =

𝑳𝒐𝒈
𝑮𝒓𝒄𝒉

𝑮𝒓𝒄𝒉,min

𝟖. 𝟖𝟑𝟗

𝑼𝟓 =

𝑳𝒐𝒈
𝑹𝒆𝒔

∗

𝑹𝒆𝒔,min
∗

𝟒. 𝟔𝟗𝟏

𝑼𝟑 =

𝑳𝒐𝒈
𝑳𝒆𝒂,𝒆𝒗

𝑳𝒆𝒂,𝒆𝒗,min

𝟏. 𝟓𝟓𝟐

𝑼𝟔 =

𝑳𝒐𝒈
𝑮𝒓𝒎,𝒄𝒉

𝑮𝒓𝒎,𝒄𝒉.min

𝟔. 𝟐𝟔

Approach for coupled heat and mass fluxes: Nusselt number

Gas-phase

o Reynolds number (Rea)

o Lewis number of

evaporation (Lea,ev)

Liquid phase

o Reynolds number (Res*)

o Kapitza number (Kas)

Liquid-gas interface

o Channel thermal Grashof

number (Grch)

o Channel solutal Grashof

number (Grm,ch)
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Evaluation method

• Same mathematical form as Nusselt number correlation.

• Coefficients ri, ai, bi,j and ci,j → Fit with data from test rig and literature.

• Domain of applicability
o CaCl₂aq, LiBraq and LiClaq solutions.
o Rea in the transitional and turbulent flow regimes.
o Res* in the smooth and wavy laminar flow regimes.

Approach for coupled heat and mass fluxes: Sherwood number

𝑼𝟕 =

𝑳𝒐𝒈
𝑺𝒉𝒔𝒆𝒏

𝑺𝒉𝒔𝒆𝒏,min

𝟏. 𝟐𝟖

Gnielinski (2010) and Taler (2017)
 Prandtl number → Schmidt number
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 Suitable selection of dimensionless groups → High accuracy.

Coupled Nusselt and Sherwood numbers
a) Nusselt number b) Sherwood number

ARD= Τ1 n ⋅෍

i=1

n
ൗPExp[i] − PMod[i] PExp[i] ⋅100Average relative deviation:

90% of predictions 
within error bands

94% of predictions 
within error bands

exp. modelled
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Comparison with correlations from literature

3. Improved description of boyancy effects (Grashof numbers) 
and of different types of liquids by the Kapitza number  
 Improved accuracy + flexibility

(a) Correlations of Peng and Zhang (2016). (b) Proposed correlations.

100% of predictions 
within error bands

100% of predictions 
within error bands

Operating conditions:
G28° = 420 – 790 W/m²
Ta,in = 29 – 37 °C
χa,in = 9 – 20 g/kg
Va = 70 – 350 m³/h
Ts,in = 25 – 32 °C
ξs,in = 24 – 26%
Vs = 12 – 18 l/h

Liquid desiccant: LiCl-H₂O



F. M. Gómez Castro, U. Eicker, U. Jordan EuroSun 2022, 25th – 29th September, Kassel, Germany www.solar.uni-kassel.de 10

Conclusions and Outlook

 New method for evaluating the Nusselt and Sherwood numbers for solar
collector/regenerators.

 The selected dimensionless groups adequately emulate the coupled heat
and mass fluxes within the device.

 The proposed correlations outperform those of Peng and Zhang (2016)

 Thermosolutal buoyancy + solution properties → Improved accuracy
+ flexibility

Outlook: Extending the method to other liquid desiccants, feasibility
analysis of collector/regenerators,...


