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ASPECTS OF VENTILATION PRINCIPLES IN SHIPS MACHINERY ROOMS

Octavian Narcis Volintiru, Epikhin Aleksey I, lonut Cristian Scurtu, Daniel
Marasescu lonita Florin, George Balan

To maintain the air parameters in the rooms within the permissible or comfortable limits, the ventilation systems
are designed to circulate the air in the rooms on board, usually without heat treatment or humidity. Ventilation
systems consist of machines that provide the energy for air circulation (fans), main ducts connected to the
suction and exhaust ofthe fans, branches and distribution components. For machinery spaces related to ships,
ventilation systems are vital for the proper functioning of thermal engines used as propulsion systems. Gas
turbines are heat engines used as propulsion systems usually for special ships.

Keywords: ventilation, flow, machinery, fan.
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George Balan
[ns nofaepXaHus napamMeTpoB BO3AyXa B MOMELLEHWAX B LOMYCTUMbIX U KOM(OPTHBIX Npejenax CUCTeMbI
BEHTUNALMM NpefHa3HaueHbl A8 LMPKYIALMY BO3AYXa B MOMeLLEHWAX Ha 60PTY, Kak npasusio, 6e3 TepMuye-
CKO 06paboTKM UKW yBRaXKHEHUs. BEHTUNALMOHHbIE CUCTEMbI COCTOAT M3 MalLIMH, 06ecneynBatoLLmX LpPKy-
NAUMIO BO3AyXa (BEHTUNATOPbI), OCHOBHbIX BO3YX0BOAOB, COEAMHEHHbIX C BCACHIBAIOLLMMUN U BbITXHLIMU
BEHTU/IATOPaMK, OTBETBIEHUIA 1 PacnpefeUTeNbHbIX 31EMEHTOB. [1/19 NOMELLEHNI MaLLUVMHHOTO OTAE/NEHUS,
CBSI3aHHBIX C CyaMW, CUCTEMbI BEHTUNALMM XKU3HEHHO BaXKHbI /151 NPaBUILHOTO (DYHKLMOHWPOBaHUS TEMNJo-
BbIX AABUraTeneid, NCMoMb3yeMbIX B Ka4eCTBe [BUraTe/lbHbIX YCTAaHOBOK. ["a30Bble TypOUHbLI — 3TO TEMJIOBbIE
[Burarenu, Ucronb3yemMble B Ka4eCTBe ABUraTe/IbHbIX YCTAHOBOK, Kak Npaswio, 4 cneuuanbHbIX CyI0B.
KntoueBble cnoBa: BEHTUALMSA, NOTOK, MaLUWHbI, BEHTUIATOP.

1 Introduction

Netural ventilation is based on the idea of free
moverment of air masses, the displacenent being dic-
tated either by the kinetic energy of the flowing air or
by the difference in air density at different tenpera-
tures. Ventilated compartrments have ventilation ducts
that exit at the top (outlet to the atrmosphere), are mov-
able in the direction of the atmospheric air flow, and
either introduce or remowve air from the ventilated
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compartment. The kinetic energy of the air mess is
transformed in the ventilation pipes into the static
pressure difference, which is the basis of the air ex-
change inthe roos. Fans are used to move air inand
out of the compartrrent when artificial ventilation is
used. Regardless of the weather, these fans will pro-
vide ventilation when needed. The ventilation system
ensures the transport of air used as replacerment air or
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as a thermal agent (thermally processed or unpro-
cessed).

Ventilation systems limit the concentrations of
heat, humidity or toxic compounds in rooms. When

the air is introduced unfiltered, the installation cannot
guarantee the maintenance of some parameters below
the level of the outdoor air parameters. [1]

Figure 1. Machinery space ventilation system for the ship [1]

2 Ventilation system for ship machinery
space

The following ventilation options are used, de-
pending on the direction ofair circulation and the type
of phenomenon that degrades the air in the rooms:

e introduction ventilation;

» extraction ventilation;

* mixed ventilation

The inlet ventilation variant is suitable for any
similar compartments that do not generate hazardous
gases or vapours, including cabins, saloons, machin-
ery spaces and other similar spaces. In the engine
compartments of the ships, can be found this ventila-
tion type. By mixing the toxic compounds with the air

flow introduced by the installation, the leaks allow the
mixture to escape (fig. 3 a). In rooms with bad or
strong smells, the extraction (exhaust) variation is
commonly used (kitchen for food, kitchens, toilets,
compartments for storing dirty laundry, etc.). In com-
partments with toxic emissions, the extraction ventila-
tion method is also used (pump compartment, storage
rooms, etc.). The facility's fan removes the contami-
nated air flow from the area, while the drains are used
to fill the space with the air. The mixed variant, which
is used in situations where the extraction or intake of
air through leaks is insufficient, is a hybrid form be-
tween those with introduction and extraction. [2]

Figure 2. Machinery space ventilation system [3]
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On a special vessel with a length of 150 [m],
the following ventilation system is found in the ma-
chinery space for gas turbines used for propulsion:

- 2 x supply fan =2 x 5.30 = 10.61 [m-]

- 2 x exhaust fan = 2 x 7.56 = 15.13 [m-]

The flow rate of the engine compartment air
extraction fan is greater than the flow rate of the in-
take fan to ensure the extraction of gases and smoke
from the compartment and to ensure the cooling of
the exhaust galleries.

Figure 3. Ventilation type of machinery room [4]

3 Calculation of machinery spaces ventila- The characteristics of the gas turbines are as
tion systems follows:
31 Calculation of the ventilation require- « Nominal power: 2 x 4500 = 9000 [kW];

ment for the gas turbine machinery room
The engine compartment has 2 Rolls Royce
Tyne RM1C type gas turbines.

« Specific fuel consumption: 0.260 ["Kg-];

Figure 4. Marine Tyne gas turbine [5]

3.2 Calculation of the specific air flow re-
quired for gas exchange

~as.g = mtsg easg*Q [WKh] 1)
where:
mtsg=14.2 L[,i)((%?%]] the theoretical mass of air for

burning 1Kg of fuel;
asg= 1.8 - excess air coefficient for gas exchange;

Ce = 0.260 [Kgem b],- specific fuel consumption;
as« = 14.2 1.8 «0.260 = 6.64 Wh G)

3.3 Calculation of the specific air flow re-
quired for ventilation

da, = (1.5 ..2) «dasfl = 2+6.64 = 1329 gair]  (3)
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3.4 Calculation of the mass flow of air re-
quired for ventilation
Ca, = (1.5 ..2) dasfl sPe = 2 +6.64 9000 =

119620.8 [Kgair] ()

3.5 Calculation of the volume flow of air re-
quired for ventilation

\y = (15..2) -NE.pe = 2% 00 #9000 =
108845.1 [m-ir] (5)
3.6 Calculation of the power at the fan shaft

Units of measure for engine compartment fan
discharge pressure:

1[bar] = 100 [*] = 10200[mmH20] (6)
For low pressure fans we have the following
pressure drop:
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OPref = 60 ...80[mmH 20] )
We will have absolute pressure:
Pref = 10260 ... 10280[mmH20] (8)
or
Pref = 100.58 .-100-78 [mi] 9)

The equation will become:
= . .C - feyr 10
\av = (1.36 .. 1.82) *mal, A 3600L¥]J (10)
Fan shaft power

__Mav"Pref (kW]

P, w

1)
where:
nv - the mechanical efficiency of the fan;
Numerical application for calculating fan shaft

power:
3

nav =2 " (12)

APref = 078 [n 1] (13)

W =07 (14)

Pshaft = 3600 -Vav *15 faer uder (15)
300 2 1 pi e

Pshaft = 15 137 15§34 (16)

PShaft = 23.88 [kW] = 24[kW] (17

There may be several fans in the engine com-
partment.

For the machine compartment studied we will
take 4 fans x 6 [kKW] each. [6]

Figure 5. Axial fan [7]

4. Conclusions

The ventilation systems have the role of ther-
mally processing the air, so that inside the naval com-
partments the corresponding state parameters are
maintained: the comfort conditions in the living com-
partments and the safe operation of the machines and
aggregates. The operation at nominal parameters of
the aggregates depends on the conditions of tempera-
ture, humidity, speed and physical composition ofthe

air. In the case of rooms intended for machines and
aggregates, the determination of the air parameters is
done to ensure the working conditions both for the
crew and for the operation of the machines at nominal
parameters. In order to eliminate the thermal flows
from the machine compartments, it is necessary to
calculate the air flow required to evacuate the heat
flow from the respective compartment. For machin-
ery spaces, the extraction flow rate is greater than the
air intake capacity in order to ensure the extraction of
smoke and gases from the compartments and to cool
the gas exhaust paths. The algorithm for the dimen-
sioning of the ventilation installation for the machin-
ery compartment took into account the power in-
stalled on each aggregate existing in the reference
compartment. The main heat is dissipated by the 2
turbines with a power of 4500 [kW] each. The algo-
rithm for dimensioning the ventilation installation for
the gas turbine compartment followed:

« Calculation of the specific air flow required
for gas exchange;

« Calculation of the specific air flow required
for ventilation;

e Calculation of the mass flow of air required
for ventilation;

e Calculation of the volume flow of air re-
quired for ventilation;

« Calculation of the power at the fan shaft.
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