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Abstract; In the process design of falling film evaporator, there
are uncertainties in the design parameters and heat transfer
model, which increases the difficulty of falling film evaporator
design. Therefore, based on the Monte Carlo uncertainty
method, the influence of the uncertainty of the parameters and
the model in the three-effect falling film evaporator of dairy prod-
ucts on the design results is studied. The results showed that,
compared with parameter uncertainty, the change of evaporator
heat transfer performance caused by model uncertainty was more
significant. By comprehensively considering the influence of pa-
rameter uncertainty and model uncertainty, a model ensembling
method was proposed to reduce model uncertainty and improve
model prediction reliability. The heat transfer area of the evapora-

tor was selected based on different design probabilities, which
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provided a theoretical basis for the design and operation of the e-

vaporator under different design conditions and different
operating conditions.
Keywords: dairy; falling film evaporator; uncertainty; design

method; model ensembling
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Figure 2 Effects of different size of the sample on

heat transfer area distribution
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outside the tube in a three-effect evaporator

Rl BERLZB|F—HSMERM 3 HEIMEBER I
$ 15 E AR RBR R ]
£
Table 1 Median of the total heat transfer coefficient of dairy = % —; 1450k
first-effect falling film evaporator from 5 inside and Mg -
oz
3 outside heat transfer coefficients W/(m* « K) & B E 1400
W=
TEE
BB B A ORI £ 7 3500
o
KX A L@ K@ KLao  KXAD &
#H(12) 1266.49 1251.11 1547.43 2 006.80 1 756.46 1300k . . . . .
1.0 1.5 20 2.5 3.0
F(13) 1231.11 1216.56 1495.12 1 920.08 1697.85 B
(14) 1116.32 1104.33 1 328.84 1 654.13 1 486.35 Fhe number of effects
A 2 110k 1 165 35 B4 RS A PR AL R B

J3£ BR B P AN R 5 BT 5 3 A T RT T T A8 A 1 R AN [ M 3 1
OLR Pty 28 A e B AR AR — R AR 77 m?
U EUAT 5 06 AT R I A BT AR AR AN A S T 5 2R T AR
PR E) 82 m*wh A 5000 AT AE M Wl 2 B3 2 1 R B

P 5 0 SR M A SRR R ) 95 %6, U T A 1 B
F| 88 m®, X F A IR KA, WA R R
FH 50 % 42 1 #1195 %6, JU) e 44 1 AR EE A 82 m” 3 i %

r CDF
Loop (88,0.95) 1.00
0.75F 0.75

& &
*;g‘ = 0.50 (82,0.50) g 2050
£ E
A~ ~
0.25F 0.25
7777777 s PDF
0.00f 277, 0l ) | 0.00
75 80 85
HeAm R

Heat transfer area/m’

(a) Hi—2%

Figure 5

FELR A3 1A 596,50 %6 .95 Y6 AL H HT AR KU
ZHEREABRERSH DA

Cumulative distribution function diagram of three-effect heat transfer area

B 5

CHEERAKSHE

Figure 4 Distribution of the total heat transfer coefficient of

the three-effect evaporator for the evaporation

temperature and feed concentration change
02 m? , AR EAL R 10.87% . 6 F 4 =R R 8 0

HeBETH I A3 ek 50 048 5 2 9500, D g B4 T BT A
88 m* I MNE 100 m* , Wi AR AR E 1200 L, BF 58 B

: (92,095) CPF 100F (100, 0.95 )CRF
- 075
(82,0.50) = (88,0.50)
——————————————————— / X E 0.50
1 =z :
s = §
L | 025}
1(73,005) | PDF | (80,005) PDF
L T i 1 : 1 | 0.00 = i 1 3 1 L |
70 80 90 80 90 100
LA FEAATFR

Heat transfer area/m’

(b) 5%

Heat transfer area/m’

(e) =2



&M | Vol.37, No.l

A5 A A2 PA TR MG S 0 AR AT AR B AN TR M SR BT R
WHE T M ERSEA, EERJRITRESR D,
6 5 28 i A9 A AT 55 MR A5 1R L 3l i 5 8 2 B0
PR B 2 1 & B BT 28 R A2 IR T AR A DT R AR
KA VT AT SEAE A AR R R R A A R A
BN AT LA PR LB PR S B BETH R (i 60000 T AR
BTt s 7 0 SRS A B S i 4R AR PR R AT DU R
P (I 90 20) LIKG I Z& K A A, 5 kAL 28 A 1 B A
SRV Y L L AT A 30 2 R A RS AZ A R [ A AT LA
R U SCH IR AN Bl 3 P D7 3 o 78 e ARG R E fEL L T
o BUAF 3 B 2 B2 BRI 78 R AR AR A A 1R (B B A 2 5K
A E T
3 &g

(1) 48 H 2 T BT 5 R A 700 2 80 ) 2L o o T 248 e i 2
¥R TR0 75 I I IR 2 R s Ui AR AR 1 AR PR R 2R
YA B 5 P8 RABETT HH 55 ] 5 8 {0 RE FE 11 o I8 2% - X
o T AN R A B A B 7 TR W T R Tl P

(2) 578 KA BT IS BRI E PR LL » hy T4 8
AN RE A BT i A U 2 A i Y A A T 3 B LA
B H T 3R AR TR A 0 A T R Rk R i AR e e AR AR
AT AT HE A

(3) BEMEZR Sz st vt v A8 A A A O RS [l 45 34 3R 8K
RIS R A A TR RE S W 2 A N I R
B R 2Z 6306 4 A0 o3 A i R B KA 22 4506, % M 1%
PR BEAS B G M O R R R BRI AR R BT L AR
INE B JEAL B 5 15

(4) T 2 [ 5 2% At PRk 36 96 106 5110 A i P 4
IF AL o DR At 2% e B v 2 B Ol G 4 )2 B2 b R S 3R
BB RV B A W T 1 it RS

& % STk
L1 SRokide, ZpRA, MIZR, %6, LD YRR IR AE & 25 I T (4R 1
e Pk RERLILLT ). i SHLAR. 2013, 29(3): 173-176.
[2] A R2 M PR, IR EES RSN BT R R
b Tl Pz FHET DL £ SHLAR, 2016, 32(7): 223-226.
(3] Mk 5, HH, SRIRER. FU A IR A% & A% 19 2 i J5 0137 1 43
FrlI]. £ Tl 2018, 39(10): 199-204,
[4] GOURDON Mathias, INNINGS Fredrik, JONGSMA
Alfred, et al. Qualitative investigation of the flow behaviour
during falling film evaporation of a dairy product[J]. Experi-
mental Thermal & Fluid Science, 2015, 60 9-19.

[5] GOURDON Mathias, MURA Ernesto. Performance evalua-
tion of falling film evaporators in the dairy industry[J]. Food
and Bioproducts Processing., 2016, 101, 22-31.

[6] DIAZ- OVALLE Christian O, GONZALEZ-ALATORRE
Guillermo, ALVARADO Juan F J. Analysis of the dynamic

¥ BEETIAHEMELHIARMEBERLSREIT

response of falling-film evaporators considering fouling[ ] ].
Food & Bioproducts Processing 2017, 104 124-136.

[7] ZHANG Yechun, MUNIR Muhammad
UDUGAMA Isuru, et al. Modelling of a milk powder falling

Tajammal ,

film evaporator for predicting process trends and comparison
of energy consumption[ ]J]. Journal of Food Engineering,
2018, 225. 26-33.

[8] MADOUMIER Martial, AZZARO-PANTREL Catherine,
TANGUY Gaelle, et al. Modelling the properties of liquid
foods for use of process flowsheeting simulators: Application
to milk concentration [ J ]. Journal of Food Engineering,
2015, 164, 70-89.

[9] AKESJO Anders, GOURDON Mathias, VAMLING

Lennart, et al. Modified surfaces to enhance vertical falling

film heat transfer: An experimental and numerical study[]].

International Journal of Heat and Mass Transfer, 2019,
131: 237-251.

[10] JEBSON R Selwyn, CHEN Hong. Performances of falling
film evaporators on whole milk and a comparison with per-
formance on skim milk [J]. Journal of Dairy Research,
1997, 64(1) . 57-67.

[11] MINIM Luis A, COIMBRA Jane S R. MINIM Valéria P
R, et al. Influence of temperature and water and fat
contents on the thermophysical properties of milk [ J].
Journal of Chemical &. Engineering Data, 2002, 47 (6):
1 488-1 491.

[12] REDDY Ch S. DATTA A K. Thermophysical properties of
concentrated reconstituted milk during processing [ ] J.
Journal of Food Engineering, 1994, 21(1). 31-40.

L13] FhEUR . 42048 BNF-. W28 W 4 % FL AR vk 4 o im
THF ] s iR S IF R, 2016, 37(7): 13-18.

[14]1 MUNIR M T, ZHANG Ye-chun, YU Wei, et al. Virtual
milk for modelling and simulation of dairy processes[]].
Journal of Dairy Science, 2016, 99(5): 3 380-3 395.

L15] skAF, 3kF %, BARFL M T FWIMI. 2 kit bt S E
BTl M R . 2012 448-466.

[16] JUN S, PURI V M. Fouling models for heat exchangers in
dairy processing: A review[]]. Journal of Food Process En-
gineering, 2005, 28(1); 1-34.

[17] CHUN K R, SEBAN R A. Heat transfer to evaporating liq-
uid films[]J]. Journal of Heat Transfer, 1971, 93 (4):
391-396.

[18] PROST J S, GONZALEZ M T, URBICAIN M J. Determi-
nation and correlation of heat transfer coefficients in a
falling film evaporator[ J]. Journal of Food Engineering,
2006, 73(4) . 320-326.

[19] ALHUSSEINI Abdulmalik A, TUZLA Kemal, CHEN

John C. Falling film evaporation of single component liquids[J].

International Journal of Heat and Mass Transfer, 1998, 41

(12). 1623-1 632.

(F4% 192 O

113



192

F % KBz DEVELOPMENT &. APPLICATION

AU AERUER AT R A BE L 2014 28-48.

(4] A, M3, PRI, . RSN IR B A48 SR 3 T H 22 5+
WFgEl)]. RIRFE=YIFE 5 %, 2020, 32(9): 1 507-1 514.
[5] 2=, KWeHs, Wilif, 5. 5 S Eas & — 0 2 7R
TE T BRI s g R LT ], B EEEZY, 2019, 30(7):

1 557-1 560.

(6] G T4t o ot 14 e 4 2 1 55 3 R OB A R RURHI 24 5 (2013 4R 5
10 BO[I]. hE & E A . 2014(1) : 225-226.

[7] WANG Yu-min, RAN Wei-jin. Comprehensive eutrophic-
ation assessment based on fuzzy matter element model and
monte carlo-triangular fuzzy numbers approach[ J]. International
Journal of Environmental Research and Public Health, 2019,
16(10): 1 769.

[8] CHEN Jia-bo, WANG Yan-jie, LI Fa-yun, et al. Aquatic e-
cosystem health assessment of a typical sub-basin of the Liao
River based on entropy weights and a fuzzy comprehensive e-
valuation method[]]. Scientific Reports, 2019, 9; 14045.

[9] YANG Ying-jie, LIU Si-feng. Grey systems: Theory and ap-
plication[ J]. Grey Systems Theory &. Application, 2011,
4 883(4): 44-45.

[10] LI Yuan-yao, HUANG Jin-song, JIANG Shui-hua, et al. A
web-based GPS system for displacement monitoring and

analysis of reservoir landslide [ ] ].
Scentific Reports, 2017, 7(1). 17171.

[117 WANG Ling-ling, YANG Lu-can, XIONG Feng. et al. Ni-

failure mechanism

trogen fertilizer levels affect the growth and quality parame-
ters of astragalus mongolical J]. Molecules (Basel, Switzer-
land) . 2020, 25(2) . 381.

[12] B3, BB, B A 20, A8 0 BT A gk & 3 2 A HLR 4 7
FE[)]. AR AR, 2018, 24(21) . 31-33.

[13] ZWghi, oA ME, KEL, SF. AT S0 HCHRA I Jr 1 19 % LG F

BE 2318 [ 2021 £ 1A | R@SUH

Se0)]. B & R, 2019, 35(12) . 302-309, 188.

[14] SRR, SSEA, A8, 55, B b7k Pt s K 22
Fo e i Ak (). AR 5 OF & . 2020, 41
(7): 196-200.

[15] BE 7, AR, BIRIERTE « RIG/R, & F D ik
DAL ZL i 203 2R & s (0], & 28 4 0 o 4 0 2 4l
2019, 10(5); 1 138-1 142,

(167 XKW Abobl . F U8, 5. B = be €3k D) 2 k26 vh 4 2

G AR LT B E & E IR, 2018 (1)
187-193.

[17] 9% &, F o, BWAR. SA5KRES RS FEZEERY K
BT RILKRF%MCARD » 2015, 12(21)
50-54, 58.

(18] ZE| N, ZEge, WA, 5. BT 05 0% 09 3 A 0 07 # B

LT, BRI RLE . 2014(7) : 36-38.
[19] B3, (iR, gy, . S E &R R LIRS TN
ﬁﬂﬂ’a@.vmfﬁﬁm A, 2020, 41(13): 53-60.

[20] moaEsc, s, TRORIE, S5, 5900 /N 22 5 B A B 1 A G 1k 4
B B i e [T ]. z*ﬁm%ﬂx 2020, 40(3): 320-327.

[21] e, FHEE, BWEE. ETHEERMETRESEZ
B3 5 i DR ARSI T R ST LT ). 2B SR, 2018, 39(4):

591-594.

[22] #% s PR e, L T RE#IE S HPLC-DAD
(Z:E’JIIEJH{N%ME;EE%U]. r [ B AR R IR, 2020,
39(4); 7-10.

(23] i, sk, JAKH, 4. HPLC U 15 e 4 45 it 4 Bl
HEEAA WS R0 & LR, 2018, 39(24):
240-245.

(247 WiRae, Afh, WRMTE, 5. ool 2 00 %0 0 V5 B 4 25 2 0 7 1
W R B E AR (1] & R 5P, 2019, 35
(8): 183-188.

(EB% 113 7))

[20] BROOME Steven R. Liquid distribution and falling film
wetting in dairy evaporators[ D]. Christchurch; University
of Canterbury, 2005; 101-102.

[21] AUSMUS Doug. HTRI design manual [ M ]. Navasota;
Heat Transfer Research, Inc., 1997 B4.5-2.

[22] w277, ERSC. 7502 BT B e R Bow —
K I AL T 23R, 1983, 34(4): 353-362.

[23] ADIB Tarif Ali, VASSEUR Jean. Bibliographic analysis of

A K Bk

predicting heat transfer coefficients in boiling for
applications in designing liquid food evaporators[]]. Journal
of Food Engineering, 2008, 87(2) . 149-161.

[247 LAMBERT Julien, GOSSELIN Louis. Sensitivity analysis
of heat exchanger design to uncertainties of correlations[J].
Applied Thermal Engineering, 2018, 136: 531-540.

[25] PALLUOTTO Lorella, DUMONT Nicolas, RODRIGUES
Pedro, et al. Assessment of randomized quasi-monte carlo
method efficiency in radiative heat transfer simulations[ ]].

Spectroscopy and Radiative

Journal of Quantitative

Transfer, 2019, 236. 106570.

[26] HASSAN Azarkisha, MOHSEN Rashki. Reliability and re-
liability-based sensitivity analysis of shell and tube heat ex-
changers using Monte Carlo Simulation [ J ]. Applied
Thermal Engineering, 2019, 159 113842.

[27] BEIESE, 2550, BRITE. A 3% WA BURALE 19 £ B bR
W EAE L], IR AR L 2019, 59(8): 956-961.

[287] ZHU Xiao-chen, NIU Da-peng, WANG Xu, et al. Compre-
hensive energy saving evaluation of circulating cooling
water system based on combination weighting method[ ] ].
Applied Thermal Engineering, 2019, 157 113735.

[29] BIJU V G, PRASHANTH C M. Friedman and wilcoxon e-
valuations comparing svm. bagging. boosting, k-nn and
decision tree classifiers[ J]. Journal of Applied Computer
ence Methods. 2017, 9(1) . 23-47.

[30] GOMZALEZ Sergio, GARCIA Salvador, SER Javier Del,
et al. A practical tutorial on bagging and boosting based en-
sembles for machine learning: Algorithms, software tools,
performance study, practical perspectives and opportunities[ ] ].

Information Fusion, 2020, 64. 205-237.



