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ABSTRACT

During the repatring process of the ship hull of a very large crude carrier (VLCC). large amount
of smoke, heat and harmiul pases arc gencrated. In order (o improve the productivity of the
workers, their health condition and safety, ventiltution is needed to have better indoor air quality

A new ventilation system is proposcd which basically transfers [resh air from the deck (lop) to
the bottom of the slnp-hull via an air duct and then sprcad to the entire ship hull by an air-
distributor before being- sucked out at the deck. A sct of design and usage puidelines for this
ventilation system was prepared for the convenienee of enginecrs” use. U caters [ar ship hulls of
different dimensions and the number of air-distributors, supply and suction fans to be used. Itis
important that in order to achicve maximum wentilation efficiency, duc to dilfesent physical
characteristic for different ship hull, correct configuration must be sclected from the guidelines.

1. INTRODUCTION

1.1 During the repairing process of the ship hull of a very large crude carrier (VLCC), large
amount of smoke, heat and harmf{ul gascs are generated. From experimental analysis, smoke and
dust are the main harmful substances produced. In order to improve the productivity of the
workers and their safety, the ship hull needs to be ventilated. The main purpose of this
ventilation is therefore to reduce the level of smoke and dust concentration to an aceeptable and
safe level. At present, therc is no any international standards for ship-repairing ventilation. With
reference to the present ship-building ventilation (Japan) standards, the acceptable simoke and
dust concentration level is 3 mg/m”.

1.2 “The ship hull repairing has the [ollowing characteristics:
a. The ship hull is very large;
a number of harmful substances are generated;
c. the repairing locations arc not {ixed;
d. the amount of repair required at cach location is not lixed:
e. the intemal construction ol the ship-hull is complex;

the number of openings on the deck are limited;
the repair duration is short (from one week Lo onc month);

g.
h. the ventilation systemn nceds to be dismantled after the repairing works.
1.3 With the above characteristics, the following ventilation system has bcen designed (sce
Fig (1))
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; i Fresh air is supplied {rom the deck by

hy ':!i air supply pump |, via air duct S to the

H K-J| 1 air supply pump air-distributor 3 at the bottom of the
by © . 2. air suction pump ship-hull.  The air is then sprcad
!, ! 3. air-distributor through the entire ship-hull by the air

i 1 4. suction hoods distributor before being sncked out via

il + . 5. airduct suction hood 4 by air suction pump 2

4 li y to the atmosphere.  The above
'\\ !E /.-" + Figure 1: Air flow pattern proposal can be referred to as “all-
,'~".;?v_', © | ofthe ventilation system dircctional, global ventilation using

the push-pull and upward moving
displacement method™.

This configuration has scveral advantages:

a.

d.

2.

2.1

2.1.1

The displacement type of ventilation not only conforms to the construction charicteristics
of the ship hull, it also follows an upward-flowing flow pattern. This aids the process of
removing the harmful substances in the hull while reducing the risk of explosions.

The different clevated-angled supply of air reduces the amount of circulation while
raising ventilation cfficiency and saving energy.

The ventilation system is simple (Fig. (1)) making the task of assembling / dismantling
casy. Thus it is suilable for short duration works such as ship repair.

The jet ol air fiom the air distributor is able o supply air lo the working zones improving
the working conditions.

DESIGN PROCEDURES OF THE YVENTILATION SYSTEM
Determination of the Air-I'low Rate

According 1o the dimensions of the ship-huil. the layout and nnmber ol the air-

distributors are chosen. From there, the air flow rate [, is determined. For example, dimension
of ship hull alteady known / x wx &t = lm x 200 x 20m. From Table 7, two aie-distributors arc
required with air flow rale 1., =2 x 13000 = 26000m '/,

2.1.2  According to the allowvable smoke and dust concentration level, the air Nlow rate [ 18
calculated.

M

9 =

) o K

2
where: K is the safety factor, taking K = 4.
C, is the ailowable smoke and dust concentration level, taking €' = 3 mg/m’.
M is the rate of gencration of smoke and dust i.e. M =nan, +n my
e, N, are the number of workers doing cutting and welding respectively.
mg, my, are rales ol gencration of smoeke and dust due o culling and welding
respectively. (sec Table (1), ref (1))

Table 1: Rates of generation of smoke and dust due to cutting and welding

Experiment No, | 2 3 4 Average
| e (mg/s/torch) | heavy rusting 0.16 0.20 0.26 0.17 0.20
m,, (1g/s/torch) no rust 0.13 0.12 0.07 - 0.1
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Lastly, by comparing 1., and [.,, the larper air flow rate is chosen.

2,43
2.2 Precautions and Treatents (o be Taken when Seftting wup the System
2.2.1  Flexible plastic tubings are used as the ducts. Due to its (lexibility, speeial precautions

and treatments are needed when the duct passes through the deck opening, when bending is
required and when the duet needs to be joined either o one another or to the air-distributor

For the portion from the fan exhaust to the deck opening of the ship hull (IFig. (2)), the
duct should be made of rigid matcrial to reduce the pressure loss due (o any acute

___ T rigid

supply et deck
fan T \
nigid bends

-

Portion [rom the fan exhaust to the deck opening of the ship hull.

bending,

Figure 2:

At the joint of the duct and entrance of the air distributor, the vertical angle, «, belween
the duct and the air distributor must be less than 15° (i.e. oo < 15°). This is to prevent a
lobe-sided distribution of air to the air-distributor.

duct \
cntrance of
air distributor \

air distributor

FFigure 3:  Joint of the duct and entrance
of the air distributor.
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2.2.2 The duct diameter should not be less than ¢400mm. This is because smaller diameter

would result in higher resistance and cause a pressure rise.

2.2.3 At the exhaust, there should not be any gap between the suction pump and the deek
opening. ‘This is to prevent any shart circuit of the air flow which would a(fect the effcctiveness
and efficiency of the suction pump. 1T any gap does exist, it should be properly sealed.
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Figure 4: No gap should be between the suction pump and the deck opening.

2.3 Determination of the resistance of the duct and air distributor

2.3.1 Somec of the resistances for dilferent flow rates are listed in Table (2) whereby the total
resistance of the system can be calculated as {ollows:

Total resistance = Frictional loss + l.ocal loss + Air distributor resistance.

Table 2:  AD400 ventilation system internal resistance for different air low rate.

Air flow | Frictional foss | Frictional | Local Enp Resistance of | System total
rate per unit length loss’ loss? | (total pr./ | air distributor | resistance
(m’/h) (Pa/m) (Pa) (Pa) | dyn. pr.) (Pa) (Pa)
6000 4.0 120 60 5 530 710
7000 5.0 1500 75 5 720 945
8000 6.0 180 90 5 940 1210
9000 8.0 240 120 S 1190 1550
10000 10.0 300 150 S 1470 1920
11000 115 345 173 S 1770 228R
~ 12000 13.0 390 195 5 2110 2695
13000 15.0 450 225 5 2480 3155
* duct diameter = 0.4m +  obtained experimentally
#  duct length = 30m @ local loss is taken as 0.5 times of frictional loss

2.4 Selection of fan
From Fable (2), with relerence to the air flow rate and total resistance, the {an is selected.

2.5  Determiration of luyout and number of air distributor in the ship hull

\
\

251 Fig. (5) shq‘\.vs the different layouts and arrangements of the air distributor(s) for diffcrent
ship hull sizes. This is for selection and reference during the designing process.
\

\

-
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452 The largest length that will be discussea here is 40m.  The ratio for the ship hull
ST dimensionis o h =1 005-1.0): 0.5

253 Inthe Fig. {5). “O" represents the air distributor.  The recommended air distributor is
77 Madel AD40O (i.c. the entrance pipe diameter of $¢400mm). The air low rate has a range

of 6.000-14,000 m*/L.

O O
O O

(a) Four AD required

O O O

(b) Two AD required (¢) One AD required

Figurc 5: Plan view of position of the air distributors (AD) in the
ship hull when ditTerent number of AD are required.

The relationship between the air (Tow rate and the distance reach by the jet of the air
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distribwtor is governed by the equation (rel.(2))
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Table 3: Relationship between the air low rate and distance reach by the jet of air distributor

Air low rate (m /h) 9000 10000 11000 12000 13000
Velacity at the nozzle v, (in/s) 21.7 24.1 20.5 28.9 qnn
Distance. s, icach by the jet (m) 6.8 7.6 8.3 9.1 9.9
Remarks Taking:  Final axial velocity v, = 1.5 m/s

Turbulence cocflicienta = 0.09

Number of nozzles = 18 (0 0.08 x 0.08 m)

Equivalent diameler, d,, of nozzle = 0.09m

The suction rate at the exhaust is determined by the number of openings available on the

deck and the exhaust rate miust be equal 1o the supply rate.
2.5.6  Somc ol the recommended supply {low rates and the number of air distributors to be used

arc shown in Tables (4) to (7).

2.5.5

Table 4:
_ W
Ship hull’s £ {m) x w (m) 30 x 30 25x 25 20 x 20 ISx 15
No. of air 13,000 m*'/M/AD |
distributor AD | 12,000 m"/h/AD
(unit) 11,000 m hAD
10,000 m7IVAD 4 1
9,000 M /WAD | 4
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Table 5: - =12
W
Ship hull’s / (m) x w (m) 40 x 33 35x29 30x 25 25 x 21
No. of air 13,000 m*/W/AD 4
distributor AD 12,000 m’/HW/AD 4
(unit) 11,000 m’/h/AD
10,000 m*/h/AD 4 3
9,000 m’/l/AD ‘ 4
/
Table 6: — =16
-
Ship hull’s / (m) x w (m) 40 x 25 35x22 30x 18 25x 16
No. of air 13,000 m’/h/AD 4
distributor AD 12,000 m*/h/AD 4 2
(unit) 11,000 m'/WAD 2
10,000 m"/WAD
9,000 m’/h/AD
. /
Table 7: —=20
W
Ship hull’s 7 (m) x w (i) 40 x 20 35x 18 J0x 15 25x13
No. of air 13,000 m"/h/AD 2
distributor AD 12,000 m*/b/AD 2 )
(unit) 11,000 m*//AD
10,000 " /lVAD 2
9,000 m’/h/AD 2
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