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Chronic wounds necessitate periodic treatment and management due to their potential for serious complications. Recently,
ultrasonic mist therapy has been introduced to treat chronic wounds efficiently. This therapy requires a noncontact spraying
method to prevent side effects such as bacterial infections and pain. Therefore, research is needed on a spray nozzle tip that
can effectively transmit ultrasonic energy to the wound target with misted cleaning solution mobility in a specific direction and
at an appropriate speed. The performance of the nozzle tip is greatly affected by the flow characteristics inside it.
Computational fluid dynamics (CFD) is a powerful tool to analyze these characteristics in detail. The behavior of the mist was
analyzed in a simulation based on discrete phase model methodology in an unsteady state. Valid design parameters enabling
noncontact cleaning were determined by setting the design parameters of the nozzle tip's internal flow path and measuring the
spraying speed of the mist using CFD analysis. Through the simulation results, information on the sprayed skin surface and
spray characteristics are measured. Lastly, we present a nozzle tip design guide optimized for ultrasonic mist therapy.
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NOMENCLATURE

Diameter of the Particle
Mass of the Particle
Velocity of the Particle
Particle Relaxation Time
Gravitational Force

Density of Particle

Surface Tension of a Liquid
Density of a Liquid
Operating Frequency
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Fig. 1 Ultrasonic mist therapy system (SonoMist™)

Fig. 2 Mist spraying at ultrasonic nozzle (SonoMist™)

Table 1 Definition of nozzle tip parameters

d, Outlet diameter of the nozzle tip
d, Inlet diameter of the nozzle tip
L, Total length of the nozzle tip

A, Aspect ratio (L/d)

L; The length of the inlet section

L, The length of the contraction section
L, The length of the outlet section
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Fig. 3 Design of nozzle tip parameter and reference model
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Fig. 4 Geometry of each models compared to the reference model

Table 2 Nozzle tip parameters for each model (d; =10 and L, =35
are fixed values for all models, Length unit = [cm])

Type d, A, L; L, L,

Reference 2 17.5 10 10 15

1 1.5 233 10 10 15

2 3 11.7 10 10 15

3 2 35 0 20 15

4 2 35 20 0 15

5 2 35 10 25 0

6 2 35 10 0 25

7 2 35 25 10 0

8 2 35 0 10 25
HIE = ] FHE 225k Typeslﬂr 2= Aspect

Ratio, Types33} 4% L .9} L;, Types5e} 62 L. 2t L,, Types7
5 82 L9} L, o] 247 WSS £ DU SolckFig 4. 2t 0
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Table 3 Calculation of injection pressure of reference model
according to pump pressure

Pump pressure Injection velocity Injection pressure

[Pa] [m/s] [Pa]
10 2.48 3077
50 5.40 14589
100 5.39 14535
200 8.94 39988
300 10.66 56856
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Table 4 The maximum velocity and the velocity at y =0, y =-0.02
m of each model (Velocity unit = [m/s?]

Type Vmax y=0 y=-0.02[m]
Reference 9.45 8.94 6.12
1 9.89 9.10 5.05
2 7.43 6.92 5.26
3 8.72 7.92 5.37
4 9.03 8.56 4.75
5 13.95 13.43 6.43
6 8.71 8.31 5.67
7 2291 10.91 4.26
8 727 6.35 4.95

9083 gl AR UHE—OH S0 wshs mulsict.
o] S%R(L,)E trehiul, g Aol 2

ém 27 Z7ksHe Pl e-d T
TR(L,)E ERE, $E28E ArA
TKE gro] ozt S7FHaeh, th gadsun 5ol ot
Agte]= F7bolt). Reference Model c-d 7+7H(L, )ollA] ]
AEO &Lyl AF Z718te] BAF 2l Y £ 9.45 m/s
of =Rt y=0 A4 8.94 m/s8] HER wAETE
B AFEITH(Table 4).

% Y U $27 SEERA QElo] 8 oA W
Fom §% 50| A AW vlAE YR} 2HR
= AU SE7h WAk 2l EReld 7] Zd]
Her HEEUA See J3 Hagh y=-0.02 mojA 2]
B RS gom laon moke v A selo] g

B89 AOR BEHch §50] PHAOR WIS L=
[e]

lﬂ

% HH5] Z7HA7IHA BARE0] Pl B wEe 34
3t Aoy welrt
3.2 Parameter Study

Parameter StudyS $|3f| Fig. 49} Zo] EAS == ¢ ujg}

uEfof] WslE & HYE HR Reference Modely}2] A3HE H]
L BA31AT) Fig. 62 Aspect Ratioo]] W3S & Typesld} 2
it 4 ATE e Fig 7S L9 L,o] wWale =
Types3:} 4o tfgt a4 AyE Yepdlich. Fig. 82 L. ¢ L,
WakE 7 Typessol 6o it s AT LTk Fig 90
L9} L, o) MkE Z Types7at 8ol that sj4 AnE ehd
T}, Figs. 652 904 (a)y= EI 9gfo wE &% Wsls
Reference Model®} v]wdle] Uehfo, (by= 5 Higko] o2
TKE #H3}5 Hoj&c)

Fig. 102 y=-0.02 m @& A9 Velocity ContourE UE}
Yo, o]2 E3) 2 cm "ol Ag|ofAe] B} wEl 9 WS
& = ok 7 mdEe] Ao &= y=0, y=-0.02 mo]
A19] &= Table 40 F2|stict. 2t Hdl59] Ak v|ust

of M7 shenlEzh B4} AGe] mIXE YRS dopum %
Aoz HAoE w2 W A 9T W

3.2.1 Aspect Ratio?| &t

TypelS & Aspect Ratio 312 7w @2 ZH4rF 327] u|
o] g Zstel ofgt 4= 7} v 2 Ao damet,
Fig. 6(a)2} Zro] Reference®} H| W3S w EAF & &£=7) ¢
oz EAF 80| AT Type2= 22 Aspect Ratio 4FS
7R, @A vt 27 gjZe] £EE 3A wolAe
o1t AT} 371 $O2 A T 40 HiEo] 1 @
9HScE. ey Fig. 6(b)eF 2ol L, FH{tell A TKEZ} 2A] &
T1sto] P R A,

T mdo] BAl sjelo] A9 Reference} -FABH] € o€l
& Felgion, oAtz BT W7ol A U4 o 2 B4
HAL FAAPCH(Fig. 10). HFE AU 2F2 Aspect Ratio= &
A} EES BAAP AP e £ 2SR o] Bast

3.2.2 L;, L2| Hslof| 2 Zat #M
Type3= L; & flofal L, #4259 555 247

THEo] NAES &% FTHE UL wolalxt PO, Fig 7(3)

9} Zro] oAt} ] Reference®t} A2 o g &7 o

P wATh L, F70] QI Typedo] A9 wheizo]

A Holslo 2 o Fsto| 93 dEy HAysE AS

Qg 4= Qlk. EFol A TKE ghol st &

7o)l 2 2
o =E H R FRA 0] Uil o BT 45 W
o mlAaE] 224 A olu] JgS & 4= Alrk. F mY

= od T"e] BAL HElE A5 (Fig. 10), Referenceld th
We 2= 2 on Azle] e Fo] AT,

Lk MAES] 1€ Wollls FoR HES 717
].1/]x]1:r]— 0£o] oFA A o 7 uigtal 4= %55 27|

3.2.3 L, L2l #lof 2 Zal &M

Type3e} FUTE 55 dolE 7HAIRE L, 71712 §13H TypeS
o . 1342 mis (y=0yHH] 52 Z7 A, T} Lot
S7HE mIAE f-50] HRtEA] 13 A 3] Som wEEd
A o ko g &wrt J75te] y=-0.02 mojA]:= Reference
o vttt 25 Hol= ZS Figs. 8(a)2t 8(b)ollx] It 4= 9l
Tk H|AE7F ZARE o] %2 TKEZ} S71sHdA &bl ‘IJr
2F Ao ] i gl FARCKFig. 10). Type64
Typotel AV 58 94O R WHA - Sl L, 7
o] 1o} Fig. 8b)e} 20| W57} 27 wAsch. 0] 5% 4
== Fig. 8(a)2} o] Reference t} 2 W 73k Holtt,

A31E B9 L, & vAES} MgHeR BAE 4 ES
SHe lEhg SR AL o 4 AUtk L, 720] glo] BAj



494 / June 2024

o

Il Reference
9 Il Typel
w8 Bl Type2
E
® 7
°
26
=
g5
=
24
23
Q
2
1
0 T r T
004 003 002 001 0 -0.01 -0.02 -0.03 -0.04

Position [m]
(a) Change of velocity with spraying direction

6 - Il Reference
T Il Typel
$ 51 B Type2
)
> 41
=4
2
o 3
g
2
£ 21
£
2
=2 4
21
=
[
0 - T T ]
004 003 002 001 0 -0.01 -0.02 -0.03 -0.04
Position [m]

(b) Change of TKE with spraying direction

Fig. 6 Comparison of CFD simulation results between Types 1, 2, and reference model (Be careful about the y-axis scale)

10 Il Reference
9 Il Type3
7 8 B Types
E
=7
=
26
=
g5
=
241
EER
o
>, |
1 4
0 - - - - - - - Y
004 003 002 001 0 -0.01 -0.02 -0.03 -0.04
Position [m]

(a) Change of velocity with spraying direction

6 Il Reference
& Il Type3
$ 51 B Types4
&
> 4
I=J
]
=
- 3 -
8
2
£ 2
€
s
ERR
5 /—_
=
0 4
004 00 001 0.0 1 -0.02 -0.0

Posmon [m]

(b) Change of TKE with spraying direction

Fig. 7 Comparison of CFD simulation results between Types 3, 4, and reference model (Be careful about the y-axis scale)

25 - Il Reference
Il Type5
@ 20 - B Type6
E
@
°
215
=
=]
o
=
210
]
-]
@
> 5
0 S . v - - v - )
004 003 002 001 0 -0.01 -0.02 -0.03 -0.04

Position fml
(a) Change of velocity with spraying direction

6 - Il Reference
Il Type5
51 B Type6

Turbulent Kinetic Energy [m~2/s~2]

| M
0 4 — 7 r ,
004 003 002 001 0  -001 -002 -003 -004

Position Iml

(b) Change of TKE with spraying direction

Fig. 8 Comparison of CFD simulation results between Types5, 6, and reference model (Be careful about the y-axis scale)

= Type59] TKE gt 3A S7Hth. L, = 979 TS =
281510, L, 7S AuEA $271 F71E v AETE oFY
o7 FAbE 4 &S g

JZii&

3.24 L, L2 H2joi| e ZAat 24

Type7> L, 1t §lolal L, #3+& 59 FEHE Figs. 8(a)
2t 9(@ys Bl RS uf TypeSet &&= Wste] AT B3
& WS TypesHrct ©f g2 L, gh& 7HAv dold Tz
HEREo] v 7] hie] £=E Eﬂ% THEA Ao Hel
22t Fig. 8(b)ek 9(b)et o] tFrt st X 3oflA TKE 54
THzko] TypeS] 749 0.730|L} Type7e 132302 H4 o 2 7
wo] b WA 2AF o] die] el &=t

_q

TP y=-0.02 m A oA 28] &=7} wje- ZopR|n &
A RS A AUH(Fig. 10). 57T #ers S S &
o] AAY R WA Fre AR He A 20T 4 Q)
t}. Type82] 79 Fig. 9(a)et o] 71 L, 77+ AUdHA &£
7F 3A S7¥sHA] SRl vlaeQl Fej2 Ak

Types 59 72} o] L, F7b& AU vz EALEE A9 $25
7P @ol &Y 4= ot BAF Ao dR7E s | wiZe
S50 e R oz WA Zart Qi 2AL HER A
0] E Hrjo | AES] 8 %0] 3} 3o Z A LE|X] &kl 37
Fo= Rk 7Fsol 20 Uske o] BuT B8 e 4
ek wheb Qg Ael I, 7708 AARHL el ofuiAiE £
S 7Fe 4 i QPGS BT WA AV Haslel.



June 2024 /495

25 7 Il Reference
Il Type?
7 20 B Types
E
-3
=
215
=
=
<
=
>10 4
°
o
3
> 5
0 RN T T T T T T T "
004 003 002 001 0 -0.01 -0.02 -0.03 -0.04
Position [m]

(a) Change of velocity with spraying direction

14 1 Il Reference
;12 et
2 B Types
E10
>
1=
55
w
8
3 6
S
4
£ 4
8
=
£ 21
=
=
0 u T
004 003 0.02 001 0 -0.01 -0.02 -0.03 -0.04

Position [m]

(b) Change of TKE with spraying direction

Fig. 9 Comparison of CFD simulation results between Types7, 8, and reference model (Be careful about the y-axis scale)

Type1 Type2 Type3 Typed

wzo'0-=A

Reference

Fig. 10 Prediction of spraying pattern and area with velocity distribution of cross-sectional area at y =-0.02 m (1 x 1 cm area)

4. 48

Zgajo] ofs] VIS W] AES} 7 w2 Y mAER
RS AN Maltks S50 JHS Halsigon, Ane
B3 w2 | A setolele] 9P B4 5 St CFDE
B3 YAl fEe) W o, &5 Zvte] Y, R WAl
A, B G U B S B ENHOR 2ARE 4 990
o w2 ) A A B AES] fo] S5 Wk S gl 77

3oy oR HARE 4 Gl WA SN Bl 2 s

[<)
A3k Aol 7MY 87 AR Wtk R A A9 )

OOl e Qe el LB AU 4 gonz By

Qo) Aol7h Wastch. uehd U S Hasfeka Fo

1) Aspect Ratio7} A2 BA} §80] Holx|n, Aspect
Ratio7} Ztopdes 7o) Jmr) S7IstER ARl the 4]

A3 P EEHAUE o] BT
2) A L, 0| 2EY §9E Wokh 3 £EE Fol7] A
RES PPIATIE qBS 2T
3) L mAES HEE ol IHO R o] FHE W
9 4 ol Lols Mgk Aol Wastel, Auet L, of
L, 2ol HlE EEsta BA %2 2 AN 4 98-
°

EFo] Bagh

2 A7 WA =5 o Al diR 23 245 sk
BEl 2k A stebulE o) A1 E v SEE e
ol & A9 AE T3 24 sE
ehalE ko] WleS thefstAl A4Skl CFDE &6
A dart Sk ER AA| AFEYE 8 siA
ek stetnlg Fd e Sk sk Alo] daste HA4
= LA ol AEAdetts 7Pgsilr] el dA=




496 / June 2024

nfole WEL AA] 9ol AGEE AFee] AMSBAAL
Fulolo BF 710l TTE B L R Bel§ G §AL
TR AL A 270 F7hsle] ATd WA} ek

ACKNOWLEDGEMENT

29 20239k AEQeREQA A (No.

22183MFDS367)} 2021d%= FAWMA 7|5 7|&7EAd
(No. $3142549)°] 2| o] ofa} S=a4w] 9lom] ofo]l ZAL= ),

REFERENCES

1. Murphy, C., Atkin, L., Swanson, T., Tachi, M., Tan, Y. K., de
Ceniga, M. V., Weir, D., Wolcott, R., Cernohorska, J., Ciprandi,
G, Dissemond, J., James, G. A., Hurlow, J., Martinez, J. L. L.,
Mrozikiewicz-Rakowska, B., Wilson, P., (2020), Defying hard-
to-heal wounds with an early antibiofilm intervention strategy:
wound hygiene, Journal of Wound Care, 29(Sup3b), S1-S26.

2. Swanson, T., Angel, D., Sussman, G, Cooper, R., Haesler, E.,
Ousey, K., Carville, K., Fletcher, J., Kalan, L., Keast, D., Leaper,
D. J., Schultz, G, Black, J., Call, E., (2016), Wound infection in
clinical practice: of Dbest Wounds

principles practice,

International.

3. Murphy, C. A., Houghton, P., Brandys, T., Rose, G, Bryant, D.,
(2018), The effect of 22.5 kHz low-frequency contact ultrasound
debridement (LFCUD) on lower extremity wound healing for a
vascular surgery population: a randomised controlled trial,
International Wound Journal, 15(3), 460-472.

4. Kotronis, G, Vas, P. R.,, (2020), Ultrasound devices to treat
chronic wounds: the current level of evidence, The International
Journal of Lower Extremity Wounds, 19(4), 341-349.

5. Ennis, W. J., Formann, P, Mozen, N., Massey, J., Conner-Kerr,
T., Meneses, P, (2005), Ultrasound therapy for recalcitrant
diabetic foot ulcers: results of a randomized, double-blind,
controlled, multicenter study, Ostomy Wound Management,
51(8), 24-39.

6. Escandon, J., Vivas, A. C., Perez, R., Kirsner, R., Davis, S.,
(2012), A prospective pilot study of ultrasound therapy
effectiveness in refractory venous leg ulcers, International Wound
Journal, 9(5), 570-578.

7. Wiegand, C., Bittenger, K., Galiano, R. D., Driver, V. R,
Gibbons, G W,
ultrasound therapy contribute to wound healing at the molecular
level?, Wound Repair and Regeneration, 25(5), 871-882.

(2017), Does noncontact low-frequency

8. Medscape, Wound irrigation. https://emedicine.medscape.com/
article/1895071-overview?form=fpf

9. Rajan, R., Pandit, A. B., (2001), Correlations to predict droplet
size in ultrasonic atomization, Ultrasonics, 39(4), 235-255.

10.

11.

12.

13.

Lang, R. J, (1962), Ultrasonic atomization of liquids, The
Journal of the Acoustical Society of America, 34(1), 6-8.

Weir, D., Swanson, T., (2019), Ten top tips: wound cleansing,
Wounds International, 10(4), 8-11.

Rodeheaver, G. T., Ratliff, C. R., (1997), Wound cleansing,
wound irrigation, wound disinfection, in Chronic Wound Care:
The Essentials, 5 Rodeheaver and Ratliff, Krasner, D. L., (Ed.),
HMP Communications.

Lammers, R. L., Hudson, D. L., Seaman, M. E., (2003),
Prediction of traumatic wound infection with a neural network-
derived decision model, The American Journal of Emergency
Medicine, 21(1), 1-7.

Seung Hyeok Jung

M.S. candidate in the Department of Regu-
latory Science for Medical Device, Graduate
School, Dongguk University. His research
interest is medical device and computer
modeling & simulation

E-mail: gun2730@naver.com

Jong Hyeok Jeon

Senior researcher in the Biounit Co., Ltd.
His research interest in medical device.
E-mail: jhjeon3459@biounit.co.kr

Ji Yeong Won

Chief researcher in the Biounit Co., Ltd. Her
research interest in medical device.

E-mail: wonjyungk@gmail.com

Sung Min Kim

Professor in the Department of Biomedical
Engineering, Dongguk University. His
research interest is medical device develop-
ment and medical device regulatory science.

E-mail: smkim@dongguk.edu

Hong Seok Lim

Research professor in Research Institute for
Commercialization of Biomedical Conver-
gence Technology, Dongguk University. His
research interest is development of surgical
instruments and surgical robots.

E-mail: limit75@naver.com



	Improvement of Nozzle Tip Performance for Noncontact Medical Ultrasonic Mist Spraying
	1. 서론
	2. 유동해석을 위한 모델링 개발
	3. 결과 및 분석
	4. 결론
	REFERENCES


