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A Case Study on the Analysis of Characteristics of Marine HVAC Duct
- For the Development of Maintenance Robot’'s Movement Algorithm -

Kwang-il Hwangt

Abstract © This study is focused on the analysis of the characteristics of marine HVAC
duct. These results will be applied to develope a robot which is for maintaining a cabin
comfort, convenience and healthy through HVAC duct. The followings are the results of
this study. @ The evaluated items which proposed by at the view point of robot’s
function can be adapted to other vessels for the same purpose, @ For the case of round
type duct, the maximized conditions which robot has to have are straight length of
40.152mn, inclination of 45°, horizontal bending of 90°. increasing diameter of 1.28 times,
and 0.625 times decreasing diameter in branch. @ For the case of rectangular type duct,

the maximized conditions are straight length of 15,987mn,

aspect ratio of 4.17:1,

inclination of 18.92°, horizontal bending of 90°, and 0.65 times decreasing diameter in

branch.

Key words : HVAC duct(ZFZ=E), TAQ(AUIE712), Maintenance(F3 &), Robot(Z%)
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Fig. 1 An example of a series of ductwork in a zone
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Table 1 Specifications of a experimental ship

Gross tonnage 3,738 ton
Length O.A. 102.70m
Length B.P. 93.00m
Molded breadth 14.5m
Depth to main deck |7.00m

D.L.W.L.:5.20m

Draft S1L.W.I.:5.41m
Speed 17.0 kn
Boarding Persons 202p

Table 2 Basic functions of maintenance Robot

Functions
Straight Up / Down
T- or Y- Branch| Left / right
Movement
Reducer Wide / Narrow
Speed Fast / Slow
Cleaning Brushing, Blowing, Suction
Control Remote control, Monitoring
camera
Table 3 Evaluated items
Items
Shape Round type, Rectangular type
Length |Maximum, Minimum, Average
Inclination Angle
Bending Angle
Dia. Converged-ratio,
Variation Diverged-ratio
Branch 2 way type, 3 way type

Aol et Al AT 33
Table 4 Straight length of round duct
Diameter (mm])

Length\| 100 | 125 | 160 | 200 | }2% Totally
No. 79 104 3 5 21 212
Min. B
{mm) 877 | 861 | 1,637 1,200 1,288
Max, -
(mm) 6,731 140,152110,603| 4,959 | 25,705
Avg.

(mm) 3,081 | 7,604 | 4,892 | 2,371 | 5,595 | 5,558
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Table 6 Diameter variation of round duct

Shape El: { ‘bli
Type 100/125 125/160
a [(mm) 100 125
b (mm] 125 160
Variation (a/b) 1.25 1.28
No. 44 1

Table 7 Bending angle variation of round duct

of & 212719 #3 A AYHET} UL, o] ¥ D,
HE9 1—.’73% 100m~200me] ®H deH Anggrenm] 100 195 160 200 | Total
125mm A7 SGE7 10402 743 gstoh, =3, F (Deg.]
HA2l e A4 861molM ) 40,152me] 2ol 15 7 36 - - 43
gaopdtttE AS & F AAT &, & A5l 30 35 116 1 - 152
A Agste FHARY e SHAAFLERH 45 9 48 3 - 60
AuAd Y YPF & AN A 9 43 [ 112 | 3 | 2 | 160
Z, ol fA#Y TEE FYE F e HAA= Total 94 312 7 2 415
RE olEsopst st 7 wjay HAAAE 9n) Avg. | 578 | 52.1 | 62.1 | 90.0 | 54
gt
B 53 22 g2 F2E g FAE 2A 2 e ASde TH E7|FoZ fibdet
AN Y ES g7/00]™ Table 59 Yebd Az el & 11747 AAEE T glon, A7 &9
7ro] ZAAE Y E 30°9 45°9 270 EFYelsdtt. AL e B9 F47F BAET YA FoY, 90°
g Aure] ARG E = FAbo] WakEl: 457 IAY EIIFAANE 0.625~19 WA de=
o] th3k E4S Table 60l A stgich sty Table 89M & & Ut
£2 HAANFESR 1.25~1.289 HAYS & #
At Table 8 T-branch of round duct
A Aure) F@Ro) oist ZAAF, Table 7¢l b
e Az ol & 41579 2%} e,
Shape Total
90° ZF#ol 16070, 30°7F 152/ EAste] HAAH ;{DF
og2x B 54°9 FEL el At - 4
(mm) | 100 160 | -
Table 5 Inclination angle of straight round duct b
- Type (mm) 100 | 100 | 125 | 100 -
\ Diameter (mm) Totally ;
Inclination 100 125 160 (mm) 100 | 125 | 125 | 160 -
No. 17 49 2 67 No. 29 71 15 2 117
Min. (Deg) | 30 30 45 - Dia. | b/a | 1 | 08| 1 [0.6250.872
Max. (Deg.) 45 45 45 - Variation
Ave. (Deg) | 309 | 334 | 450 | 331 Ratio | c/a | 1 | 1 | 1 | 1} 1
214 / SR QA Y e A A0 23, 2006. 3
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Table 99

=R e R
Aojtt,

Shape Total
Dia. | 125mm | 125mm | 160mm -
Type
Type | 90°+30°90°+45°190°+30°| -
No. 2 1 1 4
Height
difference (H) 170 200 215 188.8
32 AMZEES] 2o AT
w7 }EH“ Adk Yol = Table 101 vehd Rt
2ol & 136709 5% AN AlZRES} A5 ol
NI, *}Z}QEA FHAGE HA 420moNA

15.987mel Mol AA vhFstA A st AA)
2l Het Aol 4,433m=E A AT

Table 10 Average length of rectangular duct

No. 136
Min. length {mm) 420
Max. length (mm) 15,987
Average length (mm) 4,433
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Aspect Ratio [W/H]

Fig. 2 Distribution chart of aspect ratio vs. sectional
area of rectangular duct

Table 11 Aspect Ratio of rectangular duct

Asp(e\;]t: I_1?)&1‘510 Ref.
Min. 043 :1 100mmx 230mm
Max. 417 1 1 500mm x 120mm
Avg. 2.00 1 -

Table 12 Inclination angle of rectangular duct

No. 16 Shape
Min.{deg.] | -3.99 = -
w AL Y
Max.(deg.) | 18.92 - e
I
Avg.[deg.) 3.87 &v&:l: i RS

Table 13 Variation of bending angle and central
radius of bending section of rectangular duct

Angle [Deg.] 30 45 60 90 |Total

No. 4 40

270 200

Central

radius 270 350

(mm) 270

o}x~#HE ¥ (aspect ratio)® &3
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Table 14 Branch types of rectangular duct
Ratio [B/A) Ratio (C/A) Ratio {D/A)
type Shape No. - - B
Min | Max | Avg | Min | Max | Avg | Min | Max | Avg
Y
A all Rect. TF*L]T 8 1 1 1 (050 1 |0.84| - - -
p| T | Ap bt = 2 |045/045(045| 1 | 1 | 1
type Rduna 'E[d—bglt ‘ ' ’
2 N AB : Rect —
,D - nect. ™ - _ _
way| C &% Round :WI_K_W 5 1 1 1 (067] 1 |0.87
LeJ
D |TWIN elbow type TOQT 11 | 05|07 /057043 1 |0.80| - - -
ko
E YT type 17 1 051]0.85]0.65(0.18| 1 |0.56| - - -
] Qar
LQ‘{
- /r7
F| CROSS-T type l =l 3 10.33]0.43{0.40]0.2810.3310.30{0.28|0.33|0.30

3 [

way Ley
G | CROSS-YT type I I 1 1 1 1
I_g_!

Table 149] A2lg A o] AlAGE] 7| 2 9YHES A= Ho A7t 40,152
Hele TR EFIHAL ol B9Y A 93 m(el%%5%), AAd 45°(E8%Y), 90°2 3
gEJ Hs) odsivdeE AE € F AReH 1 (3 A%H), 1.28u9 A o NS5, &
Z YT type, Twin elbow type 59 A2 @ 719l dsiME 0.6259M9 B4 =4 US55
o] ALHYLEE ¢ F U I3 B FAzAYTEE 25T glofok

ok o,
4. 2 = 3. AP ES AR Hu F#Aolrt 15,987
m(°]E%53), aspect ratio 4.17:1(FYI ¢

B A HMug FRuUE EAS mopst Ao Heoll e dg$Fd), BAAZ 18.92°(LE%
2 ol Mul MA Yo RZIAAL AP T AR g), 90°F (3 A5E), B dsiXE 0.45
A eA87 98 ALETA sl Aue Tx wle] B H4 R 3 BAdMY A
gE fxBeL 2R 75 PEAY T3 2AYFYES 23 glojoptt ok
Aojtaol et ¢ ES F5317] HsiAolt
B Ao ZA EMFAE FYIA o Zoh FgF B Ao AAE JNEZE A At o

3 ZTZRYESL FX#E 2ELS AFZTE A G,

1. g zzogE EAS BAsl] 98 A ET EZE oF ¥xFY EIHE FEEH] A

RS NASAT T B4 QAZ HAF s ot A AAMF G g BHE FsA
4o =
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