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Numerical simulation for the influence of nasal cavity structure on
nasal function of warming and humidifying the inhaled airflow

YU Shen', LIU Ying-xi"?, SUN Xiu-zhen>', SU Ying-feng’(1. State Key Laboratory of Structur-
al Analysis for Industrial Equipment, Dalian University of Technology, Dalian 116023, China; 2. Department of
Oftorhinalaryngology, the Second Affiliated Hospital of Dalian Medical University, Dalian 116027, China)

Abstract. Objective To study the influence of nasal cavity structure on nasal function of warming and humidif-
ying the inhaled airflow. Method Nine normal persons and two patients with deviation of nasal septum ( pre- and
post-operation) were selected as research subjects. The three-dimensional finite element model of nasal cavities
of these volunteers was established. Numerical simulations for the airflow distribution, the airflow temperature and
the airflow humidity in the nasal cavity were performed. Based on the simulation results, comparisons were made
between normal nasal cavities and the patient’ s nasal cavities as well as between the pre- and post- operative
nasal cavities. Results In the wider side of nasal cavity, the volume flow rate and the velocity of airflow were
higher and the effect of warming and humidifying on the airflow was worse. For normal people, the nasal cavity
for warming and humidifying the inhaled airflow was in the anterior segment of the nose. While for the patients,
the main segment of warming and humidifying the inhaled airflow had to depend on the airway geometry. Conclu-
sions The nasal cavity structure can influence the effect of warming and humidifying on the airflow. The param-
eters describing the geometry of nasal cavity, such as the surface area of nasal airway and volume of nasal cavi-
ty, may be a useful measurement for the nasal function of warming and humidifying the inhaled airflow.

Key words ; Nasal airway; Nasal function; Numerical simulation; Finite element method; Computational fluid dy-
namics( CFD)
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Fig.5 The relationship between the warming
function and nasal structure
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ying function and nasal structure

HWERKF AL — B TR, XSRS
Keck " TR MY & . TEAE BILLKS
TR E G4 R S Wiesmiller 2 f B 57 45 5 3%
A&

B s S I LA TR 25 RE 6 5 1 B S T RE 1R S
B, ESFEMEREET, DR SRS E 8RR
A, IR A RGBS, B A KB R, RS
A BRI B TR (B A ) stk . B,
RS [ B IR R . TP R EUEEA
BN, LI # 4 B R T B H 5
AL BB A FRR TR K, Bk, X
50 (R NI SR B R R K, XA 45 R 5 Naf-
tali 5 BRI 45 A — B, HiTBLRTUE
H, S PR B T RE B SE B B, SR,
KPR/, TS 54 B i it
(6], A, P I S, Y BE N E B 4 0T B 3X
5 Naftali 25 [ BF5E 45 406 £ BB E E.
Hi T 3 AL, T I T3 A0 0 i 2
B A ERAT , SR O R AR R ER 4@ 8 B
W, DA B AT BB TIRAET . Bk
2B TRFRAURHR B ] P M 8, K #4
] 7543, T AT B - 240 L B B 00T B R BE PR IRLEE o
M E A RETARG X AT 40, B RATARSG BB 5
ARG B, A IS TE AR AR K 41. 7% , =18 TR
INS.6% 3ot NS BRI A R B B E
TR, HEE BARBIARGX LT A, S IE AT
AR AL, B R &G IR INE MR LA
B, XEHTFEE B AN TETH SR TEE



EREYHE £254 FoH 2010F£12F
448 Journal of Medical Biomschanics, Vol. 25 No.6, Dec. 2010

B 5, R B E T EE T R
i, AR 2 R el , A A IR T A B I
BUERIUGE R IR, B 53 J rp 3 IR R R AR LB
5 PG Sl SRR IR, B i g
AL S T, T % U e 1 PR AR B A T
s BLTEA R B FIIE & i , B R 7E B
BRI BE BB, 76 S B JE ¥ BT SR, AR AR
HiRERE ST RER SREESAHARNT
(ILFE4),

HE 5.6 AT LIEH, B REIRERE T &5 54
EEHBE(S - VV) BERELRIX R, HHE
SIEAER YV —REN, R RERERTN S B, RAS
LA TR v ARt gl A AT R B SR A gl
UF, R LA B X R T S SR pE Y, B
FIRIGTEBL TR JE B ALK B ok th R 7 5
JERERTAUE R, 7o ERER TR S NiF /5 B fLEE
Bl —E BT, SRR VR, tus R
SEESGEBTEM Y, BR8N, H Lindemann
VO S A B AT, BRI 7 R R R T VR BE
B L, B RH 8] W S B s B TR S i g, B IR
AR D, B2 KR R — i, o]
PARE iR R AR B o fl LA B SETT AL, X F
BRI SRAE(S - L/V) R, IR e AR
Ml R, HEMBSHUE(S « 1/V) KT 60 i, i
BER REAR PR S BE , Br LA R A0, T EL Bt 5%
i — il TR, R oK, T B S RN B AR
W . MEE A FARERRE ARG W
BE LA, (HZ ARG 203K, B 5 IEH B
ARG A TRARE . Wik, TS B ESE K5
BERAFAE— RE T Bl AT DA, 3 T 5 W2 2 e 8
IR AR T F A2 W S BT R
Bl ik v AR B, B0 R — R R, X 2
SRR BRI AR SR B T A B i B R T A MR RS
SRR A0 8 s BRI AR 56 5 T BAE
TR AR B Al S A iR R AL, TG
LSRN R RN, N s e
Brim .

4 g

ARSCEIIAS 15 ] 5 R0 A SR

RERCR BRI, W128 T 0 B B SR A X S e T i
SRR AT SRS AT A R AN 2
L, T S SE AR AR T R RGE B R T AR
RIEZMS R BRSBTS E 20 B
DHBERISEBL= RN . A SCLE R R 451
SR —ERR K RN B B S . B A B
52, AL B S R R PR SR — R Bl IR 2 5 3L
Ve, RIS IR A B IS S 2544 R DD BE B X RAT 4
HeAlto

SELHK:

[1] Keck T, Leiacker R, Heinrich A, et al. Humidity and tem-
perature profile in the nasal cavity [ J]. Rhinology,2000,38
(4); 167-171.

[2] Lindemann J, Leiacker R, Stehmer V, et al. Intranasal
temperature and humidity profile in patients with nasal sep-
tal perforation before and after surgical closure [ J]. Clin
Otolaryngol Allied Sci, 2001, 26(5) :433-437.

[3] Naftali S, Rosenfeld M, Wolf M, et al. The air-conditioning
capacity of the human nose [J]. Ann Biomed Eng, 2005,
33(4) :545-553.

[4] Garcia GJ, Bailie N, Martins DA, et al. Atrophic rhinitis; a
CFD study of air conditioning in the nasal cavity [ J]. J Ap-
pl Physiol, 2007, 103(3) :1082-1092.

[5] Lindemann J, Leiacker R, Rettinger G, et al. Nasal muco-
sal temperature during respiration [ J]. Clin Otolaryngol Al-
lied Sci, 2002, 27(3) :135-139.

[6] YusS, LiuYX, Sun XZ, et al. Influence of nasal structure
on the distribution of airflow in nasal cavity [ J]. Rhinology,
2008, 46(2) . 137-143.

[7] Keck T, Leiacker R, Riechelmann H, et al. Temperature
profile in the nasal cavity [ J]. Laryngoscope, 2000, 110
(4) :651-654.

[ 8] Wiesmiller K, Keck T, Leiacker R, et al. Simultaneous in
vivo measurements of intranasal air and mucosal tempera-
ture [ J]. Eur Arch Otorhinolaryngol, 2007, 264 (6) :615-
619.

[9] T, 30, 7h B2 Tt PR AT B AL R~ 5 Bk B
ZERBMERRI]. HH 1550, 2008,25(4) :459-463.

[10] Lindemann J, Keck T, Scheithauer MO, et al. Nasal mu-
cosal temperature in relation to nasal airfflow as measured
by rhinomanometry[ J]. Am J Rhinol, 2007,1(1) ; 46-49.



