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Dried carrot slices

Raut, Shary (lucml restigating the Effect of Different Drying Strategies on the Quality Parameters of Daucus carota L. Using Dynamic Process Control and Mea:
Technique: I Food B joprocess Technol 14 (6), 5. 1067-1088. DOI: 10.1007/s 1047021 ozscey
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The hybrid physics-based digital twin ®Empa
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Actionable Metrics — Digital Twin
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When to stop drying? — Hybrid Twin
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Hybrid digital
twin gives
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metrics
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sample layout for experimental studies [1]
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Langeheinecke, K., Jany, P. and Thieleke, G. (2011) Warmeubertragung, Thermodynamik fur Ingenieure. doi
10.1007/978-3-8348-9903-3_10

[1] Raut, Sharvari; Md Saleh, Rosalizan; Kirchhofer, Phil; Kulig, Boris; Hensel, Oliver; Sturm, Bark /A/rategies on the Quality Parameters of Daucus carota L. Using Dynamic 1 3
Process Control and Measurement Techniques. In: Food Bioprocess Technol 14 (6), S. 1067-108




Backup: conductive heat flux ®Empa
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Chakravarti Madhusudana (2014): Thermal contact conductance: a review.

1
| Langeheinecke, K., Jany, P. and Thieleke, G. (2011) Warmeabertragung, Thermodynamik far Ingenieure. doi

i 10.1007/978-3-8348-9903-3_10

Additional assumption: at the contact joints, the mass transfer is reduced by 80 %.
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Backup: validation
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Exp. data from: Raut, Sharvari; Md Saleh, Rosalizan; Kirchhofer, Phil; Kulig, Boris; Hensel, Oliver; Sturm, Barbara (2021): Investigating the Effect of Different Drying Strategies on the Quality Parameters of Daucus carota L. Using Dynamic Process Control and 1 5

Measurement Techniques. In: Food Bioprocess Technol 14 (6), S. 1067—-1088. DOI: 10.1007/s11947-021-02609-y.
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Permanent tray

No tray contact contact
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Exp. data from: Raut, Sharvari; Md Saleh, Rosalizan; Kirchhofer, Phil; Kulig, Boris; Hensel, Oliver; Sturm, Barbara (2021): Investigating the Effect of Different Drying Strategies on the Quality Parameters of Daucus carota L. Using Dynamic Process Control and 1 6
Measurement Techniques. In: Food Bioprocess Technol 14 (6), S. 1067—-1088. DOI: 10.1007/s11947-021-02609-y.
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Exp. data from: Raut, Sharvari; Md Saleh, Rosalizan; Kirchhofer, Phil; Kulig, Boris; Hensel, Oliver; Sturm, Barbara (2021): Investigating the Effect of Different Drying Strategies on the Quality Parameters of Daucus carota L. Using Dynamic Process Control and
Measurement Techniques. In: Food Bioprocess Technol 14 (6), S. 1067—-1088. DOI: 10.1007/s11947-021-02609-y.



Validation
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(111) detaching tray contact
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Backup: govering equations

As mostly used in modeling of fruit drying, a finite element model FEM is used in this study [21]. A
macroscopic hygrothermal model as described by 37 [37] is applied using the following governing

equations for mass (5) and energy (6):

ax, 0y N
oy ot m
ax, o
5 o+ (Cos Pt cpr X) +v (—hyK,, Vi) + V - (—ApyVT) = 0 ©

with the dependent variables water potential y [J/m?] and temperature T [K], the volume specific
moisture content Xy [kg/m3], the liquid permeability Ku, the specific heat capacity of dry matter cp.,

the dry-matter density ps and the specific heat conductivity of the porous matrix Apm.
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Backup: boundary conditions @ Empa

n- (_hl'Kmvd} - A-PMVT) = q =a- (T - Ta) - (C'p,v ’ (T - Tref,o) + Ah‘u + qn) “Jw (11)

B . (aw * Psat,c _ ¢ : psat,a)

L 12
R, T Ta (12)

n (=K,V{) = j, =

with the unit vector normal to the interface n, the convective heat transfer coefficient CHTC a
[W/m?-K], the drying air temperature Ta, the specific heat capacity of water vapor cp+ [J/(kg-K)], the
reference temperature Trero= 273.15 K, the latent heat of water Ah, [J/kg], the isosteric heat of
sorption q» [J/kg], the mass flux of evaporating water jw [kg/(m?s)], the convective mass transfer
coefficient CMTC B [m/s], specific gas constant of water vapor Ry [J/(kg-K)], saturation vapor pressure
of drying air psata [Pa], the aw [-] and the saturation vapor pressure on the carrot slice surface psac.
[Pa]. The relative humidity of the drying air @ [-] is calculated based on the specific humidity of
Y = 8.9 gw/kgda [24] using the following equation [34]:

_ Y Py
Deara - (0.622+7Y)

¢ (13)

With the absolute air pressure pp [Pa] and the saturation vapor pressure psata [Pa].
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