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The University of Calgary
Department of Chemical & Petroleum Engineering

ENCH 501: Transport Processes Quiz #4 October 11, 2005

Time Allowed: 45 mins. Name:

Glass is an amorphous solid or very viscous liquid which can be made into intricate shapes by artisans in a
series of heating and cooling steps. Expensive Venetian glass art pieces, designed on the Island of Murano,
are made from quartz (the polymer (SiO,),), ‘levant’ soda ash (Na,CO,) and manganese. The soda ash is a
fluxing agent which lowers the melting point of silica, and the manganese removes trace impurities while
lengthening the time the glass remains soft and pliable to give time to the glass workers to execute their
designs. Lime (CaCO,) is added to other types of glass to increase its hardness and chemical durability.

At a glass workshop, an artist starts with a 300g ‘frit” or glass block at room temperature of 25°C.
The frit, initially spherical, was placed into a wood-fired furnace at 1400°C. The effective heat
transfer coefficient in the furnace is determined to be 15 W/m?K. The glass reaches the ‘softening
point’ (at which the viscosity becomes 10°° Pa.s and the glass will deform under its own weight) at
a temperature of 705°C. It attains its ‘working point’ (at which the viscosity is 10° Pa.s and the
glass is soft enough to be easily drawn and shaped) at 1140°C. The artisan keeps the glass in the
furnace for an extra 2 minutes past the ‘working point’ and pulls the piece out of the furnace onto a
table in the room to quickly work on part of the intended design. The heat transfer coefficient in the
room (with a breeze) is 32 W/m?K. The exposed surface area of the glass is increased by 10% at a
steady rate in the first 50s after the piece is taken out of the furnace. The rest of the time until the
piece is returned into the furnace when it had cooled to 1000°C is for adjustments.

If the artisan repeated the cycles of heating and cooling, and worked on the piece 3 times before
completing the design,

a) estimate the time taken to complete the design from the start (with the cold frit) to the finished
product cooling to 50°C.

b) What is the highest temperature that the glass will attain in the cycles?

Use the Lumped capacity method and show all important steps.

Data: Properties of glass (assume constant) :

Density = 2,170 kg/m® ;  Specific heat = 0.84 kJ/kg K ; Thermal conductivity = 1.69 W/m K
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