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Proof. To obtain Equation (6) it is possible to start from Qfeed (S1) and Qloss (S2):

Qfeed(Tin, Text, RHext, FR, cfeed) = (FR · (1 − cfeed)) · (Hevap(Text)+

cpfeed(Tin) · (Twetbulb(Text, RHext)− Text)) (S1)

(see Lisboa et al. [1])
Qloss as reported by Çengel [2] can be decomposed as:

Qloss(Tin, Text, Twall
ext , Tout, Gm

in) = QR
loss(Tin, Text, Tout, Gm

in) + Qrad
loss(T

wall
ext , Text) (S2)

where:

QR
loss(Tin, Text, Tout, Gm

in) =
Tin − Text

R(Tin, Tout, Gm
in)

· Towerlength (S3)

Qrad
loss(T

wall
ext , Text) = K · (Twall

ext
4 − T4

ext) (S4)

K = Areaext · σ · emissivityglass (S5)

It is possible to obtain Equation (6) in 4 steps:

1. Qloss can be substituted in Equation (5) with Equation (S2) getting:

Tout = Tin −
Qfeed + QR

loss + Qrad
loss

cpgas · Gin
(S6)

2. Qrad
loss can be deduced from Equation (S6)

Qrad
loss = (Tin − Tout) · cpgas · Gin − Qfeed − QR

loss (S7)

3. Qrad
loss equation (S4) can be inverted to find Twall

ext

Twall
ext =

(
Qrad

loss
K

+ T4
ext

)1/4

(S8)

4. And finally it is possible to substitute Qrad
loss of (S7) in (S8) getting:

Twall
ext =

(
(Tin − Tout) · cpgas · Gin − Qfeed − QR

loss
K

+ T4
ext

)1/4

(S9)

On the Twall
ext values can be apply the ML.

https://doi.org/10.3390/pharmaceutics14020296
https://orcid.org/0000-0003-0353-924X
https://orcid.org/0000-0002-8250-5007
https://orcid.org/0000-0003-1346-1634
https://orcid.org/0000-0002-1933-9907
https://orcid.org/0000-0003-2331-4339
https://orcid.org/0000-0002-6422-341X


Pharmaceutics 2022, 14, 296. https://doi.org/10.3390/pharmaceutics14020296 S2 of S2

References
1. Lisboa, H.M.; Duarte, M.E.; Cavalcanti-Mata, M.E. Modeling of food drying processes in industrial spray dryers. Food Bioprod.

Process. 2018, 107, 49–60.
2. Çengel, Y.A. Introduction to Thermodynamics and Heat Transfer; Çengel series in engineering for the thermal-fluid sciences.

McGraw-Hill: New York, NY, USA, 2009.

https://doi.org/10.3390/pharmaceutics14020296

	References

