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Numerical Analysis on Development of Nozzle Shape
for NOVEC Gas Extinguishing System
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Abstract : Clean fire extinguishing agents refer to chemical that can replace Halon 1211 and Halon 1310 according to the Montreal Protocol fermented
to protect the Earth's ozone layer. In Korea and abroad, system standardization and performance evaluation of clean fire extinguishing agents are being
carried out. This paper proposes an optimal nozzle shape by modeling and numerical analysis of various nozzle shapes based on general clean fire
extinguishing system. The ejection speed of the nozzle can be improved by studying three - dimensional modeling of the nozzle for two shapes, Type A
and B. Flow analysis was performed on the two types of nozzles and the gas velocity and pressure distribution were measured with different nozzle
diameters. It was confirmed that the jetting speed was changed at the nozzle outlet according to the number and diameter of the nozzle holes. The flow
rate increased with increasing the pressure regardless of the nozzle hole diameter. Based on the results obtained from the experiment, the K-factor value

was deduced. Finally, a nozzle with a 12-hole structure with a 5-mm nozzle hole was proposed.
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Fig. 1. NOVEC gas extinguishing system.
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Fig. 2. Nozzle configuration and data display for data analysis.

< FAE AAZ 7HEEA
=9 wjo] 279 latm, 25 TCTE AFE
A =Z2 3600 AA A thate] AT
5311412 Euleria-Eulerian 3]4] 7] &
continuous ﬂuid, i e
dispersed fluid=® FAT}. FF-= SSTH 2
#7122 = zeoro equationS AFE3FSITH Zlﬁtﬂi ?j:]lz
71 10, 20, 30, 40 bar 12] 3L 25 opening 1atm*E71 o2 3
Aot g AlE el e HFHRAEE Kfactors -3}
= AolB®E A()H Zo] 2¥8-29y 7S MYl

- 940 -



NOVEC7}2= 23}/ H]

op

W G Al W A A

K
- 1
Q /P )
o714, Q : Flow Rate 20mm
P : Discharge Pressure at Nozzle
K : Nozzle Discharge Coefficient

14mm

2mm-5mmI

20mm

3. +XAM U D@

14mm

3.1 &9 3y =4

Fig. 39 Type A2l 3D Zd¥ ZA¥}E vehdtl =5 AA| szmm
o] Aol= 68mmo|™ 27 & FEE 71X Yk Al Ed o] (a) 3D modeling of nozzle

AL gk AA F4S AHEH S I3 =EF 89,370
7Holtt.
Fig. 49] Type BS] 3D = ®8 A= e
oA Al ?‘Sé* S 319kake

40 cm

4
zrw S “a2w 2ol olfelqEs 9. o
u =

= % 75828702 FAE ) k.

20 mm
0 0.200 0400 (m)
48 mm 0.100 0.300 :
(b) Geometry of simulation
Fig. 4. 3D modeling of Type B.
(a) 3D modeling of nozzle 3.2 Type A =59 =M A}
Fig. 59 Type A =59 =& & F4°] 4mm ¥ 5mm¥
B9 b AR BES e 2AZEE 939 ©
Foz wjg P B4 FHE Hol: AL & 5 Ak
Fig 6] 71245 9 4R 448 dehith &
S0 A7 o B FFL PESET By =EET
R e

ole} o] Anhi-Zo] A4 3 ==

< A%l 4mm % Smm¥ Wl 77} 032kgss, 0.5kg/s = L2

e —— T 0.63kgsE THAA 7 gldTh whebA JhdE ¥
(b) Geometry of simulation Aol == rdlgo] I Qdrty Ay i)

Fig. 3. 3D modeling of Type A.

- 941 -



4N - AZAA S - A - AR - w1 - FHAY

Novec1230.Volume Fraction ANSYS Velocit ANSYS
VOF1 ri72 veosnt A1z
Aaderc ademic
l 9.655e-001 l 8.897+002
8.966e-001 8.262e+002
8.276e-001 7.6260+002
7.586e-001 6.991e+002

o 000 o o oo 000 rm)
— — — —
= = e o
P ANSYS
clg\éemzﬂD Volume Fraction AN%E’;S) st o
1.000e+000 Academic [ 202102001
| A
b 1.612e+001
¥ 140764001
1.203¢+001
7.5008-001 p e
1 ‘ 793264000
| 5.885€+000
I 5.000e-001 3 a0
-2.559e-001
“2:3036+000
435004000
2.6000-001 -6.3976+000
|
[bar]
e o * |
0.0008+000
* \
{f \ > s
o
(a) 4mm
. 3 20050 oy
— .
e = Velocit ANSYS
volocity’ wir2
Aantemic
(a) 4 mm B eeonae
8.209e+002
7.57804002
r\}(g\ﬁmzan Volume Fraction AN%S] 504604002
9.796e-001 T
9.184¢-001
85710-001

7.959e-001
7.347e-001

. 0% 2000 )
— —
Pressure ANSYS
prossuret w73
o o 20000 s ==
— — B 20ue001
1.808e+001
1.602e+001
\ovec1230.Volume Fraction ANSYS 1.397+001
w2 119164001
v: e 9.853€+000
] 1.000¢+000 9acse
, || 5.740e+000
3.683e+000
1.627e+000
7.5000-001 e
246764000
| | 6,600+000
| 5.0008-001 -8,657€+000
bar]
2.5000-001
0.000e+000

. L

\
15 ryeu

,‘—I Fig. 6. Discharge Rate and Pressure Distribution of novec gas.

(b) 5mm

3.3 Type B =&9| 733y Z1
Fig. 5. Fraction of novec gas. Type B =29 A% =2 & /42 7|29 47 & Fy
oA 24 & FEH= s =
Qs

=F9 HA dol&= 68mm

ol A

Z AAE 2mm ¥

2 Type A%t L3t & 7

- 942 -



3
5
@)
N
\
>.
i
10
=
o
b
X

AA AAF A7+ 23] 360° F 60 ©0

AL 212
Gt FmThs AT A A iE?% = 4
Zol 2mmel 7% 9350370019, 5mm¢l F$ 567587) o]t}
A F A5l v =Hls A A ‘"%OﬂE 5L =
T7F S7he e Boh Z& ARt Fas 8 A4
= AA s7] Wit

A7 2mme} Smmo| A EEEXE

=z £ Lt
ERATE 2mm A7 9] =M= Hil 54mss, 2474 Smm A
A wZolME 45mis A% S5 vERfa itk o]
3 ANES vtY o R Kfactordts T1-3tRew, 1 Ay
Fig. 8 YElth =& & A A BAIglo] 2 Stdol &

74gtell wet S7keta glom =F & A7) 2mm % Smm

o1 749 40 baroll A Z+Z} 3.021 kg/s, 17.245 kg/so] T}, o] 23 2

7= Yun et al(2018)] AFoF FAFSAl YEFRETE
K-Factors =% & Z 7ol 2mm? 4% 17.8 Vmin-bar®’,

Z & AHo) 5mm°J 49~ 101.8 Uminbar®™2l A& & &

o oo =F F smm<l AF 2R FH0.63kgs) ©17F
3 2R w2 5 5mm? 12709 Eo] 2%

E
[si3 o
el e AFH o Attt

=
= =2
o] 3

Novec.Velocity
Contour 1

F 5.43364001
| 4.889¢+001
4.346¢+001
3.803e+001

' 3.2608+001

| 2.716e+001

| 2.173e+001

| 1.630e+001 Y
1.087¢+001 \
5.433¢4000 ¥
0.0006+000 P

{msh1] >

(a) Diameter of nozzle hole: 2 mm

Novec:velocity

H 6.3336+001
5.700e+001
5.0876+001
4.4330+001
3.800e+001

| 316701001
| 2533e+001
1.8006+001
{ 1.267e+001
633304000
0.0000+000
[mst1]

T T

(b) Diameter of nozzle hole: 5 mm

Fig. 7. Discharge Rate of novec gas.
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