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QUESTION 1 
  

A local ventilation system (hood and exhaust duct) is used to remove air and contaminants 

produced by a dry-cleaning operation (Fig 1). The duct is round and is constructed of 

galvanized steel with longitudinal seams and with joints every 0.76 m. The inner diameter 

(ID) of the duct is D = 0.230 m, and its total length is L = 13.4 m. There are five CD3-9 

elbows along the duct. The equivalent roughness height of this duct is 0.15 mm, and each 

elbow has a minor (local) loss coefficient of KL = C0 = 0.21. Note the notation C0 for minor 

loss coefficient, commonly used in the ventilation industry (ASHRAE, 2001). To ensure 

adequate ventilation, the minimum required volume flow rate through the duct is  

Q = 600 cfm (cubic feet per minute), or 0.283 m3/s at 25°C. Literature from the hood 

manufacturer lists the hood entry loss coefficient as 1.3 based on duct velocity. When the 

damper is fully open, its loss coefficient is 1.8. A centrifugal fan with 9.0-in inlet and outlet 

diameters is available. Its performance data are shown in Table 1, as listed by the 

manufacturer.  

Predict the operating point of this local ventilation system, and draw a plot of required and 

available fan pressure rise as functions of volume flow rate. Is the chosen fan adequate? 

 
 

 

                           [30] 
 

 
 
 
 

Figure 1 

Table 1 
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QUESTION 2 
 
The 12.75 impeller option of the Taco Model 4013 FI Series centrifugal pump of Fig.2 is 

used to pump water at 25°C from a reservoir whose surface is 15 m above the centreline 

of the pump inlet. The piping system from the reservoir to the pump consists of 3.2 m of 

cast iron pipe with an ID of 101.6 mm and an average inner roughness height of 0.508 

mm. There are several minor losses: a sharp-edged inlet (KL = 0.5), three flanged smooth 

90° regular elbows (KL = 0.3 each), and a fully open flanged globe valve (KL = 6.0). 

Estimate the net positive suction head (NPSHrequired), 

                           [15] 
 

QUESTION 3 
 
A centrifugal blower rotates at 1750 rpm (183.3 rad/s). Air enters the impeller normal to 

the blades and exits at an angle of 40° from radial. The inlet radius is 4 cm, and the inlet 

blade width is 5.2 cm. The outlet radius is 8 cm, and the outlet blade width is 2.3 cm. The 

volume flow rate is 0.13 m3/s. For the idealized case, i.e., 100 percent efficiency, calculate 

the net head produced by this blower in equivalent millimetres of water column height. 

Also calculate the required brake horsepower in watts.  

                           [10] 

 
QUESTION 4 
 

Water flows in a channel whose bottom slope is 0.002 and whose cross section is as shown 

in Fig. 4. The dimensions and the Manning coefficients for the surfaces of different 

subsections are also given on the figure. Calculate the flow rate through the channel when 

the flow depth is 3.5 m, as well as the effective Manning coefficient for the channel.  

 

Figure 4. 

                           [25] 
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QUESTION 5 
 

After graduation, you work for a pump manufacturing company. One of your company’s 

best-selling products is a water pump, which we shall call pump A. Its impeller diameter is 

DA = 6 cm, and its performance data when operating at nA = 1725 rpm (ωA = 180.6 rad/s) 

are shown in Table 5. The marketing research department is recommending that the 

company design a new product, namely, a larger pump (which we shall call pump B) that 

will be used to pump liquid refrigerant R-134a at room temperature. The pump is to be 

designed such that its best efficiency point occurs as close as possible to a volume flow 

rate of VB = 2400 cm3/s and at a net head of HB = 450 cm (of R-134a). The chief engineer 

(your boss) tells you to perform some preliminary analyses using pump scaling laws to 

determine if a geometrically scaled-up pump could be designed and built to meet the given 

requirements.  

a) Plot the performance curves of pump A in dimensional form 

b) Calculate the required pump diameter DB and rotational speed n 

 

Table 5 

 

                           [20] 

End 
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