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Simulation and validation of computational fluid dynamics used for selected
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Abstract: Objective To simulate the kinematics of drug particles in two kinds of dry powder inhalation devices for Rehmanniae
Radix oligosaccharide dry powder inhalation (RRODPI) by computational fluid dynamics (CFD), and to compare simulation results
with the in vitro deposition results in order to verify the accuracy of the results. Methods NGI was used to carry out in vitro deposition
experiments, and the relative experiment data were obtained. UGNX 10.0 software was adopted to establish three-dimensional models
of two kinds of dry powder inhalation devices according to their actual sizes, and then the models were imported into ICEM CFD
software to divide mesh. After checking mesh quality, mesh was imported to Fluent software and the related parameters were set. When
the data was in steady state after iteration and convergence, the data analysis was carried out; Finally the kinematics results of drug
particles at three kinds of particle sizes in two kinds of dry powder inhalation devices were gained. The kinematics results were
compared with the in vitro deposition results to verify the simulation results. Results /n vitro deposition experiment results showed
that the effective deposition rate in twister was higher than that in osmohaler. CFD results showed that drug particles at different sizes in
twister could all reach the outlet but for drug particles in osmohaler, it could not reach the outlet at a certain range of sizes. The two

results showed that twister was more suitable for the dry powder inhaler device of RRODPI. Conclusion It is comparatively intuitive
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to use CFD to carry out the kinematics simulation of drug particles in two kinds of dry powder inhalation devices and the result is

consistent with the in vitro deposition experiment results, which can well predict the motion state of drug particles in the two dry

powder inhalation devices.

Key words: computational fluid dynamics; Rehimanniae Radix; oligosaccharide; dry powder inhalation; simulation and validation;

mesh; data simulation; dry powder inhalation device; in vitro deposition; twister; osmohaler
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Fig.2 Actual products of two kinds of dry powder inhalation devices (osmohaler and twister)

£1 2WHTHBNEENEINTIIENIERER (xts5,n=3)

Table 1 In vitro deposition evaluation results of two kinds of dry powder inhalation devices (; ts,n=3)

RH HE2E 2% ED/mg RD/mg RF/% FPD/mg FPE/%
Tl A 2 91.45+0.02 18.30+0.48 18.39+0.48 91.91+0.02 8.76+0.25 47.65+0.01
G f Y A 92.061+0.02 18.42+0.39 18.61+0.34 93.04+0.02 9.74+0.52 52.3340.03
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Fig. 3 Turbulent kinetic energy distribution of two kinds of dry powder inhalation devices in longitudinal section and grid

plane

AR BRI FTUAE 2 FiE o, AR
BERDREN G Yy e 17 SREBE A, A
[ (AR R R B, AR AR R A A
PO plin e B et LN = ko Ny = e 1
WEEE, B MR EALEIE A o 7
B, BHTREA SR, RRBEARSO)EME
G R AR, TR, Z)Ethe
AL R A K R
3.5 AEREFEHYMMAE 2 #MEREREIHNE
(EEDN

AU E R, M0 2RO R B Y
BRGNS T ORI AT i
¥, ANFPRLAR B ROR B 23 AELAE 2 R TR RN
Bz siulth A EN. BT ARRARKZ

VYRR 3 B P K SRS eI IR Bk, A fE
MRS SEI T, RIASEIG R 3 FiokiAR B8 A
YR AT IS S U OB, 45 2 Ri2 sh 30
W 6 s, EREE, Z5RoR 2 1T PR
{2k, REEFIIR SRR AARTT R
[FIRORLAR 1) 25 BRL RIS AT LI, F 2k 2k I AN AT
B Ros RN T SIS A R e E T i is AT
. ERIBRE A, RAE 2.8 nm [ RORLE R
RISl N, EREEALIERE 1 kB2 Ik AE ae il ]
ICERALBIA AT SRR 15 pm I, £
TN, ERBEEAL— EA TR, Tk
FIEHAE, AR O R AT R A B A B
HIRBRYE, Afohidb 5 R, LA 3K
SEK 3 BUCRLAR R RORLAE I PR AL 2 — ELIERS , <



e 1122 ¢ ¢ £ % Chinese Traditional and Herbal Drugs 25 48 % 25 6 ] 201743 A

Wb T i

4 2 FhFHIRA B ARV E R4S T AR E 5 6 E

Fig. 4 Velocity distribution of two kinds of dry powder inhalation devices in longitudinal section and grid plane respectively
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Fig. 5 Gas flow chart of two devices in flow field
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Fig. 6 Kinematics results of drug particles at three kinds of particle sizes in two kinds of dry powder inhalation devices
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