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Numerical simulation of spray drying process of Lonicerae Japonicae Flos extracts
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Abstract: Objective In order to study the flow field characteristics and the drying behavior of particles in the drying tower during
the spray drying process of traditional Chinese medicine, a computational fluid dynamics simulation was established for the spray
drying tower with Jinyinhua (Lonicerae Japonicae Flos, LJF) extract as an example. Methods The discrete phase model (DPM) was
used to calculate the drying and motion processes of droplets, and the SST k-w turbulence model was applied to calculate the transient
flow in the drying tower, and the accuracy of the model was verified by using the distributed fiber optic temperature measurement
system and the experimental results of the final product characteristics. Results The experimental results of the temperature field
were basically consistent with the simulation, and the relative deviation of the powder yield and the average particle size of LJF powder
was within 5%. The droplets with different initial particle sizes were analyzed, and the temperature distribution in the drying tower was
closely related to the drying and motion characteristics of the droplets. Conclusion The numerical calculation model established in
this paper can simulate the complex airflow patterns and drying characteristics of LJF extract in spray drying towers, and the model
can be used for process and design optimization to enhance the intelligence of quality control in the pharmaceutical process of Chinese
medicine.
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Fig. 1 Process flow diagram of spray drying
22 MBEFRERTERENFER
2.2 BUSEIRY FEAHFTTH, Al ERRL-RokE B H
R TE ST SR SR T RN T B ORI R T
L3 AR SE SEAHM 7 BAH

(1) BELARFEH TR AERRL-h i B 0 HESE
XPESEANBEAT AN, JELEA RIS E . REEA R
WP 75 REA R

AT RERIR N

A(pc)/ot+V-(pcUc)=1Imcp 1
pc NIEBAMBE, ¢ W], Uc NESAMEERE, Lo N
PSS R R LA 7 A R

EITFERR A

Apcui)/ot+V-(pcuju))=—Vp+V-rt+pcg+Fep (2)
un w APFEIRE N, p NIST1, g NEIIINEE, Foo N
i R R R R (DA PR &t EI VAL S

Xt F AR AR A AR

7= ptei( Vi +VuiiT) (3)



- 4834 -

FED 20236FE87 $54% B 158  Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 15

AREE (e BIFIBENEEE () IR R E
(o) &SN per=u+ o
RE B STIH TR RN N
O(pchc)/ot+V-(pcUchc)—V (kN Tc)=Imcohc+Qc+1Tecp
(4
ke PTE, To NIEEEANIRE, Oc NEESAHAL, Toop Sy
ARG RERITIL he NIERRE, R EUE M Ranz-
Marshall #HICHERTF ) .
hedolk-=2.0+0.6 Rep!2P;!" (5)
do N AR, ke WIELEAHIN FINREL, Rep H TR T EAE
FRERTE B R L, P NS 3 RS
Wi serE AR DT 77 3k .
Apcyc)/ot+V-(Ucyc) —V-[pecDc(Vyd)|=Tmep  (6)
ye NEAMHMIRE S EL, De NESARY LR
T AR08 FH B VIR Ak (SST) koo FETY
Apk)/ot+phku:)/0xi=0/0x; [( 1/ o1)oki 0x;] + Ge— Bpkco

@P)
pw)/ot+0(pau,)/oxi=0/0x; [(u u/o:)0w/x]+ G, —
Bpw*+2(1—F1)pow 1/w 0k/dx; Ow/Ox; (8)

k NitiENRE, xiy M x y Ji ERERALAE, o 9 HREHL
R, pABEIKAL, GAERT ARSI, Go iR o
4

R H A4

w=a pklow 9
ok1=2.0, 0601=2.0, ox2=1.0, 0w2=1.168, £i1=0.075,
£i2=0.082 8

(2) BHUHEEHITIRE: fERBUHE G, kLT
(RIE AT N Pl TR AR . BET AR S 2
SEE, R IZEN RN

dUp/dt=Fcp¥e(Uc— Up)+g[(pp—pc)/pp]  (10)

Up NIRRT, po BRI (125 FE, Foo™ e
SCRBRCTHITRE, TR AR (2) R 3
- B HORE A TR A 1R A ELAE

Fep¥e =233 Curagoc(Uc— Up)*mpAt/4ppdp an
i RO AR R, BT REL (Cang) B T
Zrthi.

Carag=a1+a2/Rep~+as/Rep? (12)

H ary aa Bl oas RAREE TR T HESMF S, EHTHRT
HWHL JERE 0~50 000

(3) WO T 13N 35 BB RURL A ) A 8
505 tH Methericher 58-I HT K AN ER 2
DT Wz J TR o 5 AR 1) R R 4y
N2 ATIRB B FETHRIEE 1 B B S aiiiik 78 K

FAho FEHE 2 NTHEMT B, TR 8 7K 43 AR
MR E I AP 58 L I ROk AR T B A i i
AT A R AORL B AZ oS A, DR A1 56 X 3811 5 i
0. BT RS P R AT I B FEAOR
AHEFAE FBOCRLEACI €, 18 I BB T e B
S HELS B0 VT AE R AR o

A S SR REAE T 4 % i 28 ( characteristic
drying rate curve, CDC ) 15 Y 11 B3R 17 1 258 i e 1200,
CDC J7i3E T 2 MRS R %, RIE 2 E 2
JE AR [ 2 A A o 24 40 52 AR VRO 3R T
TEE R E AL . R, IR (Xeo) FHAS T
TR K L BRI . IR R AL
SRR 73 5 8 X 5E X

1 X=Xor

tgﬁmm%r&mﬂX<&r

MR PR AT TR LA, S 40 n (A
181, TEIHRBR R, X BN 1.42. SLIGR I,
A SRR R AR E L T, Bk, RiETT
D PN Xeg=0.

WRIETTHRE (6 AMITHE (13) ™, FEF TR T
BRI SR I R ORL 28 R TR R

I'nco=dm/dt=Apyckc(Cs— Cx)f 14>

JH % Ranz-Marshall AH G 14 3 LA 56 8 25 £ oK
% JEVARIEC T ()T RS 3R,

kedp/De=£2+0.6 Rep!2Sc!3) (15)

T HE WA Z TR AE e i Re &, nTLUH
FFE (16D THEBRARLF N EBRERE T 2.

mpep dTo/dt=hcAp(T— Tp)+ hy dmo/dt (16)
222 BIAWE  TEIREHN 448 K MIZXHEE
2.93 g/kg MFASNIEHL T, 0T HRIE T
HREEN DA T B 15°09 A BT =s
PRALTAR S HEREEEN 6 m/s, TmiisIaeN
0.043 2 m%s?, LEAEHUEASET 180.69 s7!o VI
W55 S5 A JE A A A7 T B TR s s o o 3 A A R
RIS o BHRIIZH AN 85% 7K A 15% ) ml 7 1 [
TEA. xS AR AT, B i A A
30°. M 1AL RO SR BE A FR A 65 /s, HERL
TR EVCE Y 293 Ko AHM (195 55 855 T- 2.145 L/h.
WIS PRSI E, AT IRIE RISk 2
8 1.3 W(mPK). TREHOERMERERERN
—100 Pa.

WIS DM AR G R R de ScAass, Bl
JEENRLF LIS B ERA o 7 A R R -3

(13)



FED 20236FE87 $54% B 158  Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 15

* 4835«

FERR G BRR . XEhE. AR E. s 115
AU FE SO FEN T Bl g 2. R A4
PRESTO!3Kfi# (Fluent 2021, ANSYS, [E), @it
B BRI R B EL IR, SR 5 13 FH B e k-1l
Jr R AR R | BT A R T

3 EHERSH

3.1 LI SEBIEERIIEE

W8 55 T8 00 S 5 HUE AR AL R T H R 4 Rk
ATECER, AT SRR AR RS (R HERAPE . S R AT
A3 B A IR (P ORL ) L v] LA 2RSS, THEE A
oy ES AR T i USCAR B 1) WUk 5 k) B 2 LU 1R R4S R
R, PRSI EOR B AGRAS, BUEAR YT
UTT H RN TR 5 BORE AR AT TH A 215K 20
SERPRLAR R FUE -

WE 1w, HOEE. S0 RAEk -5 EH
I 5%UAN, UERIREAUL45 R 5 S F () gs 25 )
IRFEAR 3. B TR 4 A O LF DR R G0
SE T RIS N IR EE 73 AT, 1S 3T 3 AN mfE AL
IR A, W 2 Bis. s A s IR R A M)

*1 SLESRBERILE

Table 1 Comparison of experimental and simulation results
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Fig. 4 Contours of temperature distribution in drying tower
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Fig.5 Contours of velocity distribution in drying tower
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