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The paper presents shortly characteristics
of a hyperbaric environment, which saturated
divers stay in, and of thermal-flow phenomena
occuring in it. Such an environment is distinctly
different from the earth atmosphere.

Thermophysical properties of compressed
breathing mixtures can disturb, apart from their
physiological impact on the human organism,
its regular functioning , as well as facilities and
systems which have to assure divers’ comfort
and safety.

The theoretical and experimental research
works, performed by the Chair of Thermal
Engineering, Technical University in Szczecin
and reviewed in this paper, make it possible
to highlight some poorly recognized thermodynamic
processes which occur in compressed breathing
atmospheres. Application of the results can be
helpful in carrying out further research and
designing new saturated diving systems.

SUMMARY

The paper pr ted at IV Symj on Diving Technology Problems, Gdynia,

October 1994
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INTRODUCTION

Contemporary ocean technology, particularly sea bed exploration, is
almost always linked with saturated diving which makes long staying of
man under water possible. During saturated diving man respires with a gas
mixture of a composition and pressure relevant to a diving depth. Main
components of such breathing mixtures are light gases, neutral for human
organism, such as helium, hydrogen, neon or argon, apart from
a physiologically indispensable amount of oxygen.

In this special hyperbaric atmosphere, filling all accommodations in
which divers stay, heat and mass exchange as well as medium flow takes
place in different components of the installation aimed at assuring
amicroclimate suitable for personnel and its safety.

A literature search made by these authors showed that selection of
breathing mixture thermal parametres and technical concepts for saturated
diving systems is based in most cases on simplified thermodynamic
calculations and on multi-year experiments carried out in natural or
simulated hyperbaric environment, in particular. A general analytical
description of heat phenomena in such installations is still lacking, although
its knowledge would make possible to anticipate some situations already
in the design phase without any need of carrying out long-lasting and costly
experiments.

Research works performed by the Chair’s staff showed that it is
possible to create such description on the basis of the actual thermodynamic
knowledge [1,2,3,4,5,6].

In this paper selected problems are presented which ought to be taken
into account while carrying out stable state balance calculations aimed at
determining a temperature of comfort and an energy demand for operation
of an underwater habitat, decompression chamber or diving bell.

HYPERBARIC ENVIRONMENT
PROPERTIES

Behaviour of compressed real gas mixtures differ from that of
their seperate components. It concerns breathing mixtures containing
helium or hydrogen in particular.

The distinct and usually nonlinear relationship of some
thermophysical properties of breathing mixtures to their composition
and thermal parametres, not always known to designers of underwater
research installations, causes many unpleasant astonishments and
unpredicted troubles.

For instance, the influence of pressure and helium content on
the viscosity 1, thermal conductance A, Prandtl Number Pr, and
specific heat at constant pressure c , as well as the specific enthalpy h,
of the helium-oxygen mixture at 0°C is presented in Fig. 1.

The influence of pressure, temperature and the helium content

X, -of the helium-oxygen mixture on its specific enthalpy h is shown
in Fig. 2.
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Fig.1. The influence of pressure and the helium content X,,, on the viscosity 1, thermal
conductance A, Prandtl Number Pr, specific heat at constant pressure c "y
and the specific enthalpy h, of the helium-oxygen mixture at 0°C
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Fig. 2. The influence of pressure, temperature and the helium content X,_,
of the helium-oxygen mixture on its specific enthalpy h

From these figures it can be observed that already a small
change in gas mixture composition can influence substantially a given
mixture property. An influence of pressure, at high helium content
in particular, is usually small and may be neglected at a lower
pressure (e.g. at P <2 MPa ) and in less exact balance calculations.

Experiments have confirmed the influence of pressure on
convective heat exchange. For instance, the influence of pressure
(of 0,1 + 10 MPa ) on Nusselt Number in forced laminar flow
through a ring channel (within the range of Reynolds Number:
400 <Re <2 x 10*) is shown in Fig. 3. The influence of pressure on
free convection is especially high close to the critical point, as it is
indicated by the course of isobars in Fig. 4.

Fig. 3. The influence of pressure (of 0,1 + 10 MPa ) on Nusselt Number Nu, in the
Jforced laminar flow through a ring channel (within the range
of Reynolds Number: 400 < Re < 2x 10*)
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Fig. 4. Influence of pressure and temperature on the reduced Nusselt Number during
the free convection close to the critical point of water

Gases for supplying breathing installations are stored in pressure
cylinders and then choked to a required final pressure. Joule-
Thomson’s effect takes place during the choking, which changes
a final gas temperature. While breathing mixtures choking the gas
temperature may drop or rise depending on a gas composition. Joule-
Thomson-effect neutralization heat should be also taken into account
in the heat balance of an installation. The relationship of the Joule-
Thomson-effect differential coefficient 85 ,and the helium content
X,. » pressure, and temperature of a helium-oxygen mixture is
illustrated in Fig. 5.
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Fig. 5. The relationship of the Joule-Thomson-effect differential coefficient 8, ,and the
helium content X,,_, pressure, and temperature of a helium-oxygen mixture
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Distinct heat effects appear also while mixing compressed real
gases. For instance, the mixing of helium and oxygen causes mixture
temperature dropping which leads to taking heat from environment.
This is a consequence of not complying with Dalton’s and Amagat’s
laws which are valid for ideal gases, but for real gases under a low
pressure only.

Calculation results of the temperature drop while adiathermically
mixing helium and oxygen at constant pressure is shown in Fig. 6.
They were obtained with the use of Beattie-Bridgeman’s state
equation which makes calculation of many thermodynamic properties
of breathing mixtures ( e.g. P, ¢, h, §,) possible with a sufficient
accuracy. The calculation resufts have not been experimentally
verified so far. However they are in a qualitative compliance with
some published results of experimental research on similar mixtures
( He - CO2 ) CO2 - N2 - H, ) as well as quite close to them
quantitatively.
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Fig. 6. Calculation results of the temperature drop during the adiathermic mixing
of helium and oxygen at constant pressure

The heat of mixing may be a substantial component of system’s heat
balance in the case of preparing mixtures e.g inside a decompression
chamber. The mixing heat of equimolar helium - oxygen mixture at
P =20MPaand T =273 K is of about 600 kJ/kmol.

The heat resistance of porous materials drops in an atmosphere
containing helium or hydrogen. It concerns also clothing which leads
in consequence to increasing heat loss out of diver’s body to its
environment and therefore to heat comfort deterioration. It is
important to know the variations of diver’s clothing heat conductivity
in order to introduce relevant corrections into the equation of comfort
in hyperbaric conditions.

The relationship of the relative clothing heat resistance,
A=A, A, the porosity €, and the ratio A*, of the gas mixture
heat conductance A, and the atmospheric air heat conductance A_, is
shown in Fig. 7. where:

clm el

A,,, - the clothing heat resistance in a breathing mixture
- the clothing heat resistance in the atmospheric air

clp - =
(both in the same units).
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Fig.7. The relationship of the relative clothing heat resistance, A, = A, I A, .

the porosity €, and the ratio A*, of the gas mixture heat conductance A,
and the atmospheric air heat conductance lﬂ
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The results were achieved when assuming a porous body cellular
model. In the calculations a fabric internal radiation, gas motion
inside clothing and water vapour diffusion were omitted. The factors
decrease the clothing total heat resistance. Having accounted for these
simplifications, the extreme case corresponding to € = | was
introduced into the balance equations and the following relationship
obtained:

clm clp

A
A, =4 )L—” 0

m

It is easy to estimate a heat resistance of a given cloth in
a breathing atmosphere of an arbitrary composition, if a clothing
heat resistance in the atmospheric air is found from generally available
tables and a heat conductance of a breathing mixture, intended to be
applied, determined.

A diffusion resistance of the water vapour penetrating a usual
clothing set is relatively low therefore all sweat, released to
atmospheric air by man in heat comfort conditions, can evaporate.
In hyperbaric conditions the sweat evaporation rate decreases along
with rising pressure and the simultaneous rise of clothing diffusion
resistance. The water evaporation rate in an environment of
compressed breathing mixtures is 5 to 10 times lower than that in
the atmospheric air, as it results from Webb’s investigations. This is
confirmed by the calculations and experiments carried out in The
Chair of Thermal Engineering, results of which are presented in Fig. 8.
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Fig. 8. Pressure influence on the water evaporation coefficient b ( out of free surface
to gas atmosphere)

The shortly presented properties of a hyperbaric environment
in which divers stay differ substantially from those of natural
atmosphere. The thermophysical properties of compressed breathing

. mixtures can disturb the regular functioning of human organism,

apart from their physiological impacts on it, as well as of facilities
and systems which have to assure comfort and safety of divers.

EQUATION OF COMFORT
IN HYPERBARIC ACCOMMODATIONS

A heat comfort equation and general form of heat balance
equation for an arbitrary hyperbaric accomodation for divers
(underwater habitat, decompression chamber or diver’s bell ) was
elaborated, accounting for the breathing mixture properties into
particular items of heat balance in steady conditions.Comfort equation
in a form proposed by Fanger was used in the calculations:

0-(0,+0,)=0,=0,+0, @

where:
Q S
QO -
0,
0 -
O -
Qr -

the heat flux transferred to environment by diver’s
organism, [W]

the heat flux transferred to environment while
breathing, [W]

- the heat flux transferred to environment during sweat
evaporation on body surface,[W]

the heat flux conducted by clothing, [W]

the heat flux taken out of body surface due to
convection, [W]

the heat flux radiated to environment, [W]



The comfort equation, which contains the most important
environment physical parametres (P,,¢,t, ,w,X,) and those of
clothing type and diver’s motion activity (A ,,,,q,, ), makes it possible
to calculate a comfort temperature of a gas atmosphere for saturated
deep diving.

A comparison of the calculated comfort temperature with that
determined experimentally for the same environment reveals good
consistency of both values (e.g. b =30,8°C, 1 ,=31,2°C) in spite of
the comfort state felt subjectively by man. The results indirectly
confirm correctness of the assumptions introduced while establishing
the comfort equation. Information on the values and variabilities of
particular heat fluxes being transferred to environment can be useful
for physiologists. A typical heat comfort diagram is presented in Fig. 9.
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Fig. 9. Influence of the relative gus velocity w and the mean radiation temperature |
on the comfort temperature _; the dush line relates to the case when t =t

When analyzing particular fluxes of the energy transferred to
or out of a system, a heat balance equation for the system, e.g.
adecompression chamber shown in Fig. 10, can be written as follows:

+2.0u

< ml m2

> M>_

iH,+Q,,+NQ+iO' +H =H
i=l r=|

where:

y the heat flux required to maintain comfort
temperature.(Mixing heat and Joule-Thomson’s
effect neutralization heat is accounted for in this

item.)

NO - the heat flux transferred to environment by

z N diver’s organisms staying in the chamber
ZQ” - the heat flux transferred out from R devices
=l installed in the chamber ( lights, ovens,

” instruments etc )

2 H, - the entalphy flux of a fresh, n - component gas
i=1 mixture supplied to the chamber

- the entalphy fluxes of the gas mixture supplied
to and transferred from aregenerative system
the heat flux lost through K chamber items:
casing, hatchways and portholes
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Fig. 10. Scheme of a decompression chamber with the marked balance screen
and particular energy balunce items

A computer software package was elaborated to solve effectively
the confounding balance equations. It has been proved to be very
useful in design and operation of saturated diving installations.

HEAT BALANCE
OF DIVING BELL

A way of determining energy demanded for saturated diving is
presented below using a diving bell as an example.

A quantity of electric energy which should be delivered to the
diving bell can be determined on the basis of the stable state balance
equation of the bell and divers under the conditions that one diver is
inside the bell of 15°C temperature, but two divers are outside it, in
the sea water of 0°C temperature and 37 promille salinity. The
divers staying outside the bell are warmed with the use of heating
water being in a closed circulation. The water, heated in a heater
installed outside the bell, is delivered to a diver through one pipe
and after being cooled is sent through the second pipe back to the
heater. Each pipe is 25 m long. A breathing mixture delivered to the
divers staying outside the bell is heated also in the heater to such
a temperature to ensure an inlet temperature to a diver not lower
than 20°C. Pipes delivering the breathing mixture are also 25 m
long. The influence of a breathing mixture expansion in gas cyliders
and that of choking in pressure reducing valves on mixture’s
temperature was neglected in calculations. The mixture temperature
was assumed constant and close to that of the surrounding sea water.
The electric energy required to drive bell’s equipment and to carry
out underwater works was also not accounted for.
| Eet

1

Fig. 11. Scheme of a diving bell with two divers outside the bell, the marked balance
screens and particular energy balance items

- === A heat balance barricr enclosing the diving bell interior without heater

= === A heat balance barrier enclosing the heater and two divers outside the bell

I -diving bell, 2 - water heater, 3 - cylinders with breathing mixture, 4 - diver, 5 - mixture

delivery pipe, 6 - heating water delivery pipe, 7 - heating water drain-off pipe

The electric energy delivered to the heater increases the entalphy
of the breathing mixture supplied from the gas cylinder and covers
the following loss items (Fig. 11.):

® the heat losses of two divers staying outside the bell

® the heat losses of the pipes of heating water circulating in
the closed heater-divers system

® the heat losses in the pipes delivering the breathing mixture
to the divers

® the heat losses of the heater itself ( assumed 10% of all
balance items )
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Applying time related balance equation for a stable state:

Ed = Ew “@

to the problem in question a balance equation of a system containing
a heater and two divers can be written as follows:

ng =2x l! l[Qkx +me + Q/mzl +prv + (HJ - Hl)_ Q.nn] (5)

where:
O -
Om -~
Opa -
B -

;Q.

the heat losses in the diving dress

the heat losses.in the pipe delivering breathing
mixture to the diver

the heat losses in the pipe delivering hot water to
the diving dress

the heat losses in the pipe draining warm water off
the diving dress

the heat released to environment by the organism of

one diver staying outside the diving bell

the enthalpy of the breathing mixture delivered to
the diving bell

the enthalpy of the wet breathing mixture drained
off the diving dress

-

All the quantities are expressed in [W].

The electric energy amount delivered to the diving bell can be
determined by using the following diving bell balance equation:

Ed=ng+Qlcd_Q|y+(H3—H|) Q)

where:

Qﬂg - the electric energy demand of the diving bell
Q' - the heat emitted from the diving bell to the
kd surrounding sea water
Q'w - the heat released to environment by the organism of
the diver staying in the diving bell

After substitution of (5) to (6) the energy delivered to the diving
bell is expressed as follows :
@)

E, =2le'[Qla"‘Q,m. +prd +Q,».- +(H3 _Hl)_Qun]+Qk,1"Qw +(H3_Hl)

A calculation procedure of the particular heat balance
components is given in [1] where known expessions for determining
quantity of gas mixture entalphy, of heat penetrating multi-layer
bulkheads as well as of penetrating heat in double - medium
recuperators are used. In [1] a way of determining physical and
thermal properties of breathing mixtures, which appear in the above
mentioned expressions, is also given.

Total electric energy demand of a diving bell E o [W]. in some selected conditions

P=2,55 MPa P=1,57 MPa
w] 05 =0,065 He=0,785 1 S 02=0.106 He=0,644 | 5=04%
N»=0,15 N»=0,25

Gugm3STC [ G =090 [ [, H0C ] =S| 00 g 41°C | pm41°C

At=1K | At=6K [ A= 4K | Ai=dK |At=IK | Al=6K | At=dK |At=4K

O -Ou 1720 2032 2000 2744 1334 1569 1616 | 2520

0 2226 2220 2220 2392 4202 4202 4202 5113

-

Opa 1524 1911 1882 1871 1527|1940 1898 | 1876

Ope 1452 1478 1593 1607 1440 [ 1451 1574 | 1600

H,-H, 781 781 781 736 539 539 536 496

0. 16947 | 18542 | ISS38| 20570 | 19w | 21342 21617 25531

O -0. 1075 1075 1075 1123 865 865 865 831

s, 18803 | 20398 | 20714 | 22429| 21310| 22746 23018 | 26858
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In table, the total electric energy demand of a diving bell, Eel’
is exemplified where all basic balance components for the pressure
values 1,57 MPa and 2,55 MPa, with two - and three - component
gas mixtures taken into account, are specified too. In extreme cases
the total electric energy demand reaches the following values:

- for two-component gas mixtures under 1,57 MPa pressure:

=26858 W

- for a three- component gas mixture under 2,55 MPa pressure:

E

elmax

E, =18803 W

Heat losses in the pipe draining hot water off the diving dress,
Q',m,,,vary in a rather narrow range from 1451 W to 1607 W. Heat
losses in the pipe delivering hot water to the diving dress are more
diversified and vary from about 1525 W for 35°C mean temperature
of the water in the diving dress to about 1940 W for 40°C mean
temperature.

Heat losses in the pipe delivering breathing mixture are most
diversified; the lowest values of them are at the higher pressure
2226 W. Such losses grow significantly up to 5113 W at 1,57 MPa
when changing the gas mixture composition and lowering pressure.
At 1,08 MPa and 0,59 MPa pressure the losses reach 60 kW and the
relevant gas temperature make it impossible to put this variant into
practice.

For this reason an earlier proposed concept to heat breathing
mixture in a heater placed within the diving bell has been abandoned
at all. A solution which was applied is to heat breathing mixture just
close to a diver by supplying hot water of an appropriately higher
temperature. A heat exchange scheme for a system composed of
a gas mixture heater and a diver is shown in Fig. 12.

I- Diver,
2 - Breathing mixture heater,
3 - Breathing apparatus

Heating water delivery pipe

Heating water drain-off pipe

———— Breathing mixture drain-off
pipe

—-—-— Breathing mixture delivery pipe

Heat balunce barrier

Fig. 12. Heat exchange scheme for a system composed of a gus mixture heater
and a diver

In the diving bell, losses of the heat transferred to sea water
are lower at low diving depths (618 W) and higher at large diving
depths (1336 W) and are of the same order for two- and three -
component gas mixtures.

Electric energy of an amount determined by (4), which covers
all the system’s losses, is delivered to the diving bell in order to
maintain constant temperature inside the bell and to ensure suitable
conditions to divers staying outside the bell.

Lowering or stopping electric energy supply will cause values
of system’s thermal parametres to differ from those assumed. The
following considerations are made to determine changes of
temperature inside the bell in the function of time in the case of
a break-down stopping of the electric energy supply. It is then assumed
that a bell would partly emerge over water surface causing heat
exchange conditions to change. This is a rather complex task to
establish exactly such a relationship. A simplified way of solving
the problem under many simplifying assumptions and with the use
of a simple analytical model is given in [1].

Calculation results of the temperature changes inside the bell
in the function of time and for various values of the insulation
thickness 3, are presented in Fig. 13.
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Fig. 13. Temperature changes inside the bell in the function of time for various values of
the insulation thickness 8,, occuring while the electric supply breaking-down

A difference between the temperatures calculated for two
insulation thicknesses, 30 mm and 50 mm, grows with time and at
7=15 h reaches 25,2 % in respect to the temperature for 50 mm
insulation thickness and when assuming +10% error in determination
of the heat capacities W and W_ ( the curves 3 and 4 ). Temperature
differences at1=15 h, calculated in respect to the correctly determined
heat capacity values, are 5,2% and -6,2% respectively. The curve 5
illustrates a temperature change inside the diving bell with non-
insulated hatches and portholes.

BREATHING MIXTURES FLOW
BETWEEN FINITE VOLUME TANKS

Real thermodynamic processes, which occur in particular
system’s components during emptying a decompression chamber with
simultaneous draining-off breathing mixture through piping to an
intermediate tank, are very complex. That is why their exact
mathematical description is difficult and modelling of them requires
some simplifying assumptions.

Solutions of various cases, comprising mathematical description,
are given in [1]. These are solutions of:

O thermodynamic processes occuring in particular tanks,
described with the use of energy balance, mass balance as
well as thermal state equations

O fluid flow in piping, described with the use of equations of
motion, of mass flow continuity of energy balance as well
as thermal state equation

The following simplifying assumptions were adopted to solve
the problems:

® flows occuring between two finite volume tanks which are
linked thogether by a pipe of constant cross-section are considered
with flow and local resistance taken into account

® isothermal process occurs in the first tank during decompression,
due to continuous delivering of an appropriate amount of heat, but
adiathermal one in the second tank during its filling (i.e. without
any heat exchange with environment ). This assumption is acceptable
in spite of that the second tank is not insulated, because of a short
time of filling the tank.

® breathing mixtures, flow of which between the tanks is
considered, are assumed to be homogeneous gases complying with
the conditions for ideal ones; they are further called ,,fluids”

® only flows which occur after propagation of pressure wave
through piping connecting the tanks are considered

@ transient flows, which can occur due to pressure changes in
both tanks, are assumed quasi-steady ones which can be described
by steady-state flow equations, viz. by substituting a transient fluid
flow by a series of momentary consecutive steady-state flows

Pressure losses due to friction and local drag should be
accounted for while considering a medium flow through a pipe
between tanks. A model appropriate to a given length of the pipe
can be selected for the flow calculations. A flow process at high
velocities, occuring in very short pipes of neglectable friction losses,
can be assumed adiathermal. In this case relationships valid for mass
flux during adiathermal expansion can be applied together with
arelevant flow rate value selected with the flow local drag accounted
for.

A flow process in very long pipes and with low velocities can
be sometimes assumed isothermal. This is justified only if heat
exchange with environment is of such intensity that a medium’s
temperature is able to reach that of the environment. Such models
can be used to calculate flow time extreme values only, because they
were established for flow conditions highly different from the real
ones.

In further considerations, real drag of flow and local drag was
accounted for under the assumption that there is no heat exchange
with environment, i.e. that flow through a pipe can be approximated
by the irreversible adiathermal process. A flow process may be
considered under these conditions as polytropic expansion. A polytropy
exponent value can be determined with the use of a relevant relationship
and all losses in the pipe in question taken into account, together
with that due to flux contraction and then expansion.

A mass flux value during flow between two infinite volume
tanks can be calculated by using the following expressions:

(8
which is valid for subcritical flows, i.e. when:
AL (2 ) )
B \z+I1
and
M =4 |25 pp (2|2t (10)
RT Vx-1 z+1 z+1
which is valid for supercritical flows, i.e. when:
(1

i WP (L)'

B \z+]
The expressions which are valid for a fluid flow between two
infinite volume tanks can be adjusted to a fluid flow between two
tanks of finite volumes. For this purpose a thermal state equation is
applied to two consecutive flow states in both tanks as well as an

adiathermal equation to filling the second tank. The latter equation
takes the following form under the above adopted conditions:

L,
P,
T, 12
oi1-—"2 (12)
xT, + —L
47 9
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This is the most general equation of transformation which can
ocurr in a adiathermally filled tank with a fluid kinetic energy at
tank inlet taken into account.A detailed analysis of various flow cases
can be found in [1].

The expression (12) can be written, in the case of adiathermal
fluid flow through a piping between two tanks when assuming
isothermal transformation occurence in the first tank, i.e. when
T,=T, = idem ,and the flow velocity at pipe inlet w, = 0, and with
an energy balance equation of the piping taken into account, as
follows:

Pz®0 _ K_Go

B o (13)
BB x-0
where: ‘
ol g oBs
= g =
770 7;0
and a final pressure in the second tank can be determined by using :
v
— |
EK'"EO+Ki7(RN_RK) (14)

2

A tank emptying time can be calculated with the use of the
above given relations provided a flow is considered as polytropic
expansion.

If a quasi-stable, supercritical polytropic flow is assumed, an

outflow time, which has to pass to change pressure in tank from P,

to P, = P, can be determined with the use of the following
expression:
v b oo
T=—7~>—In1% (15)
ABq)/\' l)ll
where:

2

2 gl
z+1 z+1

If pressure in a tank being filled reaches and then exceeds
a critical value, a subcritical flow will occur. If a quasi-stable
subcritical polytropic flow is assumed, an outflow time is determined
by the following expression:

1

B, dPl
T=

(16)

AB A Po P,

where:

which can be integrated with the use of numerical methods only and
with (14) applied to express dependence of P,on P .

Pressure equalization in both tanks may happen after subcritical
flow. A final pressure value can be calculated by applying (14), having
substituted B, = P,

FINAL REMARKS

The presented characteristics of the hyperbaric environment,
which saturated divers stay in, and of thermal-flow phenomena
occuring in it indicate that the environment is distinctly different
from the earth atmosphere.

Thermophysical properties of compressed breathing mixtures
can disturb the regular functioning of human organism, apart from
their physiological impacts on it, as well as of facilities and systems
which have to assure comfort and safety of divers.
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The theoretical and experimental research works, performed
by the Chair of Thermal Engineering, Technical University in
Szczecin, make it possible to highlight some poorly recognized
thermodynamic processes which occur in compressed breathing
atmospheres.

The works contain also some guidelines which can make
carrying out further investigations and designing new saturated diving
systems easier.

NOMENCLATURE

- pipe cross-section net area, m*

>

c, - specilfic heat at constant pressure, J/(K kg)

h - specilic enthalpy, J/kg H - medium flux enthalpy, W
R - gas constant (individual), J/(K kg)

1 - linear dimension, m m - mass, kg

M - mass [lux in sub-critical flows, kg/s

M - max. mass [lux in super-critical {lows, kg/s

P - pressure, Pa Q - heat flux, W

Qy - metabolic heat {lux density, W/m? q - heat {lux density, W/m?
T - absolute temperature, K

T, - relative temperature T/T, t -temperature , °C

- radiation mean temperature, °C t - mixture temperature, °C

m

3
H

- heat capacity of diving bell interior, J/K

- heat capacity of'bell’s steel plating, J/K W - flux heat capacity, W/K

- gas wetness level, kg H,O/kg (ol dry gas)
- mixture relative velocity, m/s

- molar content ol ith gas component X -steam dryness level

X £ X £ g

- energy delivered to a system, W

- energy derived from a system, W

- polytropic transformation exponent
- surlace film conductance, W/(K m?)
- waler evaporation coeflicient (off free surlace to gas atmosphere), kg/(m? s Pa)

- insulation thickness, m

o o R N M

- dilferential coellicient ol Joule-Thomson’s eflect, K/Pa

- porosity
- dynamic viscosity coellicient, kg/(m s)
- dimensionless temperature x - ideal gas isentropic exponent

- heat conductance, W/(m K)

> > @3 o

- breathing mixture heat conductance, W/(m K)

>

- atmospheric air heat conductance, W/(m K)

- clothing heat conductance in a breathing mixture, clo

> >

- clothing heat conductance in the atmospheric air, clo

clm

>

- relative clothing heat conductance
clp
- kinematic viscosity coeflicient, m*/s T -time,s

- relative humidity, %

S

CRITERION NUMBERS
Nu - Nusselt Number &I
A

Nu

”

Nu® - relative Nusselt Number at constant temperature
u,
Nu_ - Nusselt Number at the pressure P
»

Nu - Nusselt Number at the atmospheric pressure
Re - Reynolds Number ll Pr - Prandtl Number 1
v A
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3S years
of the Central Maritime Museum
in Gdansk

The highest respect should be paid to all those persons,
both employees and volunteers who together with the official
efforts contributed to the achievement of the today rank and
shape of the Central Maritime Museum. In the days of 1960,
when the museum was established as an autonomous
department of the then Pomeranian Museum, probably
nobody expected the plentiful achievements in developing
museum activities reached during the past 35 years.

Some years later already the number and value of the
collected exponates and dynamic organizational and
exhibitional activity of the department well exceeded its
formal status, therefore it was transformed first into a self-
contained cultural institution and then, in 1970, into the
Central Maritime Museum (CMM).

The very beginnings of the museum are bound with
the famous Gdansk Crane the rebuilt compartments of which
were the museum site. During the next 25 years CMM’s
position grows and grows both in this country and abroad.
Indeed, many specialty and familiarizing exhibitions,
conferences and meetings as well as worthy publications and
scientific reports can be found in the history of museum’s
development. In the field of underwater archeology museum’s
own research section gained great success. The same can be
said about the results of activity of the archive section
documenting Polish maritime economy achievements in
a form e.g. of the Polish man-of-sea archive or the Polish
ship design archive. CMM carries out a very vivid and fruitful
cooperation with the foreign maritime museums ( especially
those located around the Baltic Sea), which is respectfully
acknowledged by its partners.

Simultaneously CMM still dynamically develops its
organization. Today CMM it is not only a complex of the
museum buildings which are the rebuilt old grain stores
located along the Mottawa river bank, but also a huge
institution comprising the Vistula Museum in Tczew,
the Fishery Museum at Hel, the museum-ship SOLDEK and
the famous tall-sail training ship DAR POMORZA which is
of a high merit in building maritime culture and awareness
of Poles.

While speaking about CMM history a great tribute
should be paid to the late prof. Przemystaw Smolarek due to
his exceptional pioneer contributions in creating and
developing the museum.
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Data base for determining real operation
conditions of the ship power plant
machinery and equipment

In the designing of various ship power plants a great, often decisive
role play such factors as: traditionalism, application of the ,,similar ship”
approach, shipowner’s pressure, designer’s tendency to secure oneself against
responsibility, some stiff requirements of classification societies or a yielding
response to shipyard’s expectations, but above all it is low knowledge of
real conditions in which the designed ship has to operate in the future.

Therefore some contradiction can be observed between the very
advanced calculation methods, complex laboratory tests and engineering
processes applied in designing and building particular machines and
installations and a rather crude approach used while collecting the machines
and devices into a complete power plant system which finally appears not
very modem. Traditional methods of selecting power plant machines and
equipmentcomponents are based on deterministic models and on the assumed
operation conditions which never appear simultaneously.

To improve that improper state of the matter a research project was
undertaken by the Chair of Combustion Engines and Compressors,
Mechanical Faculty, Technical University of Gdansk, aimed at elaboration
of scope and organization foredesign for the collecting and methodical
processing of the data which determine real operation conditions of machines
and equipment installed in ship power plants of various types.

For this purpose collecting the data from ships in service was based,
due to practical matters, on the characteristics and parameters available
from such standard shipboard records and documents as :

® ship’s log books and reports '

® reports on non-periodical tests and measurements

® production test reports

® _ as-built”-ship technical documentation

® classification technical documentation

® guaranty engineer’s reports

® reports on research and observations of ships in service
@ students’ shipboard training reports

Investigations of the ship machinery and equipment operation
characteristics are concerned a.o. with the following:

* operation states’ structure and balance

* operation loadings on the propulsion system components and
electric generating sets

* fresh water supply economy

* real operation time periods of the machinery in various operation
states

*loadings and operation times of the shipboard processing machinery

* atmospheric and marine environment conditions

¢ characteristics of the most important working media, e.g. fuel and
lubricating oils

The commercial computer software FOX Pro 2.5 PL was used to
build the data bank. Data set formats of dbf type with the assigned names:
,»ships”, ,, watches”, ,, manoeuvres ,, were created by using the software
module.

Data processing can be carried out with the use of the calculation
sheets and standard statistical programs. In this way real operation
characteristics, important correlation factors and real values of various design
coeflicients can be determined to make possible, a.o.:

Wselection of the proper contracting parameters of the main engine

and auxiliary engines

O selection of the proper number and operation characteristics of

heat exchangers and tanks

0 determination of the real value of power plant efficiency

QO modelling of the noxious substances content in exhaust gases

emitted from ships.

The project has been financially supported by The Scientific Research
Committee and Andrzej Balcerski,Assoc. Prof., is the research team leader.
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