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1. Introduction

Proper design of a control cab in a crane must meet the requirements as to
its strength, motion capacity, work safety and operator's comfort both in summer
and winter. The basic element of the ergonomic cab design ensuring thermal
comfort is the heat balance for summer and winter. A similar problem, namely
the heat gains in heavy machine cabs, is addressed in [1]. The results presented
in [1] lead to the following conclusions:

- the cab may be built from multi-layered partitioned transparent and opaque
boards/walls,

- since mechanical ventilation has to provided in the summer and motion velocity
(wind speed) hardly ever impacts on heat transfer through the walls, this
parameter can be neglected while calculating the heat gains in the summer,

-wind speed in the summer strongly affects the heat gains, especially at high
motion velocities (in excess of 25 m/s); that involves mainly heat gains as the
results of infiltration,

- cab walls have a light structure because of their heat accumulation capacity,
while the heat absorption factor b depends mainly on physical properties of
insulating materials. Therefore the phase shift and damping factor for the walls
was determined as for single- layer walls [2].

- the impacts of wind speed on heat gains or loss were taken into account only
when air infiltration was considered.

2. Model of Heat Gains in Control Cabs

A clear distinction is made between the summer time and winter time
conditions. This distinction is also maintained in the model as heat transmission
and air infiltration are predominant in winter while heat gains due to sun
exposure are encountered in summer.
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The heat balance for the cab both in summer and winter is given by the
equation:

Oc=0j+0u=(Ok+ Qint+ Ov+ 0p);j +(Qint + Ov + Op)u (1)

The stream of sensible heat due to conduction is the sum of streams
penetrating the walls without windows Qg and the windows and doors Qks.
Relevant formulas used to find the heat balance components for summer and
winter are summarised in [1].

Heat transfer through windowed walls was such as for flat multi-layered
walls, in accordance with the assumptions made before. Heat transfer through
free convection from the inside of the cab was determined using Churchille and
Chu [3] formula for vertical walls and Al-Arabi and El-Riedy formula [3] for
horizontal walls. It was assumed that heat transfer on the outside wall surface has
the form of forced convection and heat transfer factor o= 23 [W/(m’K)] [2].

3. Working Example

The example presented here features the heat balance for the crane control
cab. The calculations are based on the following assumptions:

- the control cab is a hexagonal prism,

- there are no windows in the cab roof, there is a window on a part of the floor,
wall parts which are not glazed are three - layered,

- for the cab with the cubic capacity of 5.5 m’® the ratio of windowed surface area
to solid wall area is 0.91; air is exchanged 5 times (n=5),

- the heat transfer coefficient for windowed parts is 1.5 [W/(m’K)], the windows
are not covered, they are made of two window panes and the transmittance
factor is 70%,

- the cab operates in moderate climate, 52° latitude, in urban areas 700 m above
the sea level.

Air temperature and humidity for summer and winter as well as the results

of computations are summarised in table 1.

Table 1. Calculated results for summer and winter

WINTER
Outside air Inside air
t=-25°C ¢=0.8 t=22°C ¢=0.5
Qw=-488.8 W Qi=-320.7 W Q=-809.5 W Qu=-411.3 W Q=-1220.8 W
Qin=-168.2 W Qu=209.3 W Q=41.1 W Q=-1179.7W  V;;=22.3 m’/h
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SUMMER
t=30.7°C 0=0.45 t=25°C 0=0.45
Qus=0344 W Qi=59.8 W Qu=842.6 W Q=509 W Q=-973.8 W
Qromax=998 W Qienax=87.9 W Qumax=1241 W
Qu=-753 W Qp=248.7W Qu=324.1 W Qusr=1297.9 W V,=27.5 m’/h
Qcmax=1696.5 W

The changes of cab thermal loading due to sun exposure in the function of

time for the cab position ensuring the maximal instantaneous loading are graphed
in Fig 1.
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Fig. 1. Thermal loading of the cab due to sun exposure
4. Summary

The algorithm for computing thermal loads of control cabs in cranes allows
to determine the instantaneous heat losses or gains in winter and summer for
various cab positions. Besides, the algorithm makes it possible to find how
individual structure parameters impact on the heat stream transferred between the
cab and its surroundings. That may be the basis for optimisation aimed for
instance to determine the optimal thickness of insulation with regards to heat
loss. Calculations were run for the case considered here, following an assumption
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that the optimised constraint function will be the dimensionless function given by
the equation:
Ql{ Vizol

N8 =00+ Ve )

The results of optimisation for winter time, making the distinction between
the wall and roof insulation thickness (g. and gy.a), are graphed in Fig 2 and 3.
Since the contribution of heat gain due to sun exposure in summer is rather
insignificant for opaque walls (about 10%) in relation to the total heat gain, the
optimal thickness of insulation will be below the values obtained for winter time,
the same criteria being considered.
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Fig. 2. Optimisation of wall Fig. 3. Optimisation of floor and roof insulation
insulation thickness thickness
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