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» making use of computational science to
analyze industrial scale wine
fermentations
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analyze industrial scale wine
fermentations

» set-up CFD model for fermentation flow
simulations
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> making use of computational science to
analyze industrial scale wine
fermentations

» set-up CFD model for fermentation flow
simulations

» analyze nutrient mixing
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‘ Harvest ‘

By Stefan Kiihn (Own work) By John from UK (Harvesting the Grapes in Duras)[CC BY-SA 2.0, via
[GFDL, CC-BY-SA-3.0], via Wiki- Wikimedia Commons]
media Commons
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Harvest H Pressing ‘

: y Ty A I
By Alexander Baxevanis (Flickr: Grape Press) By Willmes Anlagen Technik (Merlin mit Ganztrauben) [CC BY
[CC BY 2.0], via Wikimedia Commons 2.0], March 2, 2009. Online image. Flickr
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Nutrients ----- |

| |
Harvest }—){ Pressing H Fermentation
|

Yeast

a, ‘\'—;«r' Y &

Mao - > ﬂ
I, Tomas er [GFDL, CC-BY-SA-3.0 or FAL], via Wiki- Stlemur at English Wikipedia [GFDL, CC-BY-SA-3.0 or
media Commons CC BY 2.5], via Wikimedia Commons
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Nutrient addition

Di-Ammonium-Phosphate (DAP)

> Nitrogen source for yeast nutrition

» prevents stuck or sluggish fermentation
> two addition times recommended (gely et al., 1990)

1. during tank filling with yeast inoculation

2. mid-fermentation
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Nutrient addition

Di-Ammonium-Phosphate (DAP)

> Nitrogen source for yeast nutrition

» prevents stuck or sluggish fermentation
> two addition times recommended (gely et al., 1990)

1. during tank filling with yeast inoculation

2. mid-fermentation

Homogeneity?
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No mechanical agitation
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CeH120¢ e C,HsOH+ 2 CO, AH? = —23.5kcal mol ™! (1)
——— —_——— ———
Sugar Ethanol Carbon dioxide
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Alcoholic fermentation

C¢H1p06 -2 CoHsOH+ 2 CO,  AHP = —235kealmol (1)
N—— ——— N——
Sugar Ethanol Carbon dioxide

» approx. 50m3 CO, gas is released
from 1 m3 must

> CO bubbling > natural convection

(Delente et al., 1969)
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Alcoholic fermentation

CeH120¢ 29 C,HsOH+ 2 CO, AHf = —23.5 kcal mol ! (1)
——— N—— — ——
Sugar Ethanol Carbon dioxide

» approx. 50m3 CO, gas is released
from 1 m3 must

> CO bubbling > natural convection

> dispersed bubbly flow
— Euler-Euler model

By Jim Champion (Flickr: Rising bubbles)
[CC BY-SA 2.0], via Wikimedia Commons
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> multiphaseEulerFoam (wWardle and Weller, 2013)

> interfacial forces: drag & lift

(Dijkhuizen et al., 2010; Lau et al., 2011; Rastello et al., 2010; Roghair et al., 2013)
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> multiphaseEulerFoam (wWardle and Weller, 2013)

> interfacial forces: drag & lift

(Dijkhuizen et al., 2010; Lau et al., 2011; Rastello et al., 2010; Roghair et al., 2013)
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Validation against bubble column experiments from Deen et al. (2001) (y = 0.25m).
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O Geometry 2m
> Kloepper bottom 354 1

outlet

» 10m? liquid volume 3.0

25+
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O Geometry : -~
> Kloepper bottom 354 o outlet
» 10m? liquid volume a0
® Fermentation stage 25+
> peak fermentation € 200 _
» CO, formation: 1gL~th™! 5,51 &
> Vginter = 1.515 x 103 m3 s .
05
00— |
-05

00 05 10 15 20
width (m)
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Example simulation szenario

O Geometry
» Kloepper bottom

» 10 m3 liquid volume

® Fermentation stage

» peak fermentation
» CO, formation: 1gL~th!
g .gJMet::]n515 %« 10~3m3s!

~~ Assumptions

» bubble formation predominantly at
vessel bottom (Delente et al., 1969)

» constant bubble diameter (1 mm)

CFD Analysis of Nutrient Mixing during Wine Fermentation
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Mixing evaluation
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Flow pattern initialization Geisenn

Bubble plume development with snapshots of the isosurface ag = 0.003 after 10, 30
60, 90 and 120s of real time.
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0.2

Time averaged liquid flow pattern and bubble plume dimensions (isosurface &g = 0.003, 120s < t < 300s).
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(a) front (b) top, cut at z=0.5H

Time averaged bubble plume isosurface (g = 0.003)
blue: 120s < t < 300s, wireframe: 300s < t < 480s.
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Nutrient addition

Passive scalar transport

Mixing evaluation

Outlook
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amN =
57 + V- (quN) =V - (0T VN) (2)
24 :
Locations
3- BL1
= 2- = i L1 top
£ E1- L2 bottom
N >
1+ L3 L3 L3 racking
x| port
0= \l_'z,l_'—’ 0-
] ] ] ] ]
0 1 2 0 1
X (m) X (m)

Tracer dosage locations L1-L3 inside GK
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#  Fermentation stage CO, formation Flow initialization

T1  peak fermentation 1.0gLth! 120s
T1r peak fermentation 1.0gL '1h~! 300s
T2  early fermentation  0.1gL=1h~! 120s
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“the time in which the concentration of the tracer reaches within
05-98% of the final concentration” (sahu et al., 1999)
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Definition
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“the time in which the concentration of the tracer reaches within
05-98% of the final concentration” (sahu et al., 1999)

CFD adaption

» usually based on
experimental measurements
— limited locations

» here: evaluation in each cell
—> measuring total
homogeneous volume

> tmix at almost steady state

CFD Analysis of Nutrient Mixing during Wine Fermentation

Homogeneous volume (%)

Example: T1 - GK - L1
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Mixing time correlations for bubble columns

H _2\—0.33
tm,Riet = ]-]-D_;—_ (gugsDT2) (3)

(Van't Riet and Tramper, 1991)

Hy
tm,Sweere - ]D_

z

(4)
(5)

(Sweere et al., 1987)

W=

D, = 0.36(gD7 tgs)

|
D7: tank diameter (2m) V7: tank volume (10 m3)
Vr

TR% ~3.14m (R =1m)

{ky it (e (G (e iy = g: gravitational acceleration (9.81 ms—2)

Ve, Ao } - _
ugs: superficial gas velocity (ugs = %nzm, ms~1) D,: axial dispersion coefficient (m?s~1)
T
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Simulations & correlations

# Ugs e tmRiet  tm,Sweere
T1 48x 10 %ms! 83s 158s 65s

Tir 48x10*ms! 87s 158 65s
T2 48x 10 °ms! 205s 341s 139s

T2/T1 2.47/2.35 215  2.14
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> repeatable average mixing time

> fmix,T2 2 X f'mix,Tl

>> time scale of mixing should not affect yeast metabolism in
phases of sufficient bubble formation
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Mixing analysis 10-
05=
B
> different tank geometries £ %07
< _05-

-1.0-

> inlet definition

T U T
00 05 10 15 2000 05 10 15 20
width (m)

Jacketed cooling
> temperature distribution

> optimal jacket dimensions
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Passive Scalar —— Mixing Time

Bubbly Flow ——— Euler-Euler

™ dominik.schmidt@hs-gm.de



References

% Hochschule

References - Geisenheim

University

Modeling and Simulation Group
ms.hs-geisenheim.de

Bely, M., Sablayrolles, J.-M., and Barre, P. (1990). Automatic detection of assimilable nitrogen deficiencies during
alcoholic fermentation in oenological conditions. Journal of Fermentation and Bioengineering, 70(4):246-252.

Deen, N., Solberg, T., and Hjertager, B. (2001). Large eddy simulation of the gas-liquid flow in a square
cross-sectioned bubble column. Chemical Engineering Science, 56(21-22):6341-6349.

Delente, J., Akin, C., Krabbe, E., and Ladenburg, K. (1969). Fluid dynamics of anaerobic fermentation.
Biotechnology and Bioengineering, 11(4):631-646.

Dijkhuizen, W., Roghair, I., Annaland, M. V. S., and Kuipers, J. (2010). DNS of gas bubbles behaviour using an
improved 3d front tracking model—drag force on isolated bubbles and comparison with experiments. Chemical
Engineering Science, 65(4):1415-1426.

Lau, Y., Roghair, I., Deen, N., van Sint Annaland, M., and Kuipers, J. (2011). Numerical investigation of the drag
closure for bubbles in bubble swarms. Chemical Engineering Science, 66(14):3309-3316.

Rastello, M., Marie, J.-L., and Lance, M. (2010). Drag and lift forces on clean spherical air bubbles in a rotating
flow. In International Conference on Multiphase Flow, May 2010, Tampa, United States.

Roghair, 1., Van Sint Annaland, M., and Kuipers, H. J. A. M. (2013). Drag force and clustering in bubble swarms.
AIChE Journal, 59(5):1791-1800.

Sahu, A., Kumar, P., Patwardhan, A., and Joshi, J. (1999). CFD modelling and mixing in stirred tanks. Chemical
Engineering Science, 54(13-14):2285-2293.

Sweere, A., Luyben, K., and Kossen, N. (1987). Regime analysis and scale-down: Tools to investigate the
performance of bioreactors. Enzyme and Microbial Technology, 9(7):386-398.

Van't Riet, K. and Tramper, J. (1991). Basic Bioreactor Design. CRC Press.

Wardle, K. E. and Weller, H. G. (2013). Hybrid multiphase cfd solver for coupled dispersed/segregated flows in
liquid-liquid extraction. International Journal of Chemical Engineering, 2013.

D4 dominik.schmidt@hs-gm.de



Appendix

. - Hochschule
Drag & Lift Coefficient O Gelsenteim

Modeling and Simulation Group
ms.hs-geisenheim.de

Drag Coefficient (Dijkhuizen et al., 2010; Lau et al., 2011; Roghair et al., 2013)
CD = starm \/CD(RQB)2 + CD(EO)2 (6)
Co(Reg) = % : (1+ 1623315) @)
" Res T VRen

Co(E0) = o ®
Vowarm = 14+ (%) g ©)
Lift Coefficient (Rastello et al., 2010)
C.=05+40(1- 0 exp (fRe1/6) (10)
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