
Lecture 13 – Only one homework problem is assigned today to give you time to work on the prelab. 

The prelab shoud be done individually and will be due at the beginning of lab. 

 

Problem 13.1 Model the system. Assume the tank is a perfect 

cone by neglecting the very small orifice at the bottom of the 

tank. Also, calculate the initial height of fluid, ℎ0, such that the 

tank drains in 20 minutes if the diameter of the orifice is 3 mm. 

The discharge coefficient is 0.75. Express your answer to the 

nearest centimeter. 

 

Answer: 49 cm 

 

 

Problem 14.1 

The tank shown is open to the atmosphere at the top surface and at the outlet which is a distance a below 

the datum shown.  The tank is filled slowly from a source with constant volumetric flow rate.  When the 

water level h in the tank reaches the top of the siphon h0, the tank will empty rapidly to the datum level 

due to the additional gravitational potential energy between the datum and the outlet. 

a) Determine the ODEs which describe the water level in the tank when 

i. Filling from source with flow rate Q, and drain closed 

ii. Emptying through siphon with Cd = 1, and source flow still on 

iii. Emptying through siphon with Cd = 1, and source flow off 

b) For case a) iii., find a closed-form expression for the water height as a function of time.  HINT: 

use separation of variables.  Estimate the time to empty from h0 to 0 inches if the tank is a 6” by 8” 

rectangular cross section, the siphon is 0.208 in2 cross section, a = 2 in, and h0 = 10 in.  

c) Build a Simulink model based upon cases a) i. and ii. Including the logic that the siphon stops 

emptying while the tank fills from zero height to h0. Use your model to choose parameters Q, a, 

tank cross section, and pipe cross section, so one cycle (full-empty-full) takes exactly 60 seconds. 

Be sure to choose reasonable values! 

 

Tank with siphon (siphon cross section is exaggerated). 



 

 

Problem 15.1 

 

Hot gas flows in a duct instrumented with two thermocouples. The thermocouple embedded in the duct 

wall indicates a temperature Tw = 760ºF. The thermocouple immersed in the center of the hot gas stream 

has emissivity ε = 0.5, a convection coefficient of 20 btu/(hr·ft2·F), and indicates a temperature Tt = 1000ºF. 

The Stefan-Boltzman constant in USCS units is σ = 0.1714×108 btu/(hr·ft2·R4). Assuming that the 

thermocouples have negligible thermal capacitance, estimate the true temperature of the hot gas.  

 

(Hint: The thermocouple in the stream radiates to the wall.  Answer: 

Don’t forget to convert temperatures to Rankine.) approximately 1100ºF 

 

 

 

 

 
 
 
 
 
 
Problem 15.2  (from Fundamentals of Heat and Mass Transfer by Icropera and DeWitt) 

 

A chip of length L = 5 mm on a side and thickness t = 1 mm is embedded in a ceramic substrate, and its 

exposed surface is convectively cooled by a fluid for which hc =150 W/m2-K and T∞ = 20oC.  In the off-

mode, the chip is in thermal equilibrium with the coolant (T  = T∞).  When the chip is energized, its 

temperature increases until a new steady-state is established.  The chip temperature must not exceed 85 

oC.  Assume an infinite contact thermal resistance between the chip and substrate and negligible 

conduction resistance within the chip (that is the chip is always spatially uniform and there is no 

conduction heat transfer from the chip to the substrate).  The chip's density is ρ = 2000 kg/m2 and specific 

heat is C = 700 J/kg-K. 

 

a) What is the maximum allowable chip power? 

 

If when the chip is energized, it is characterized  

by uniform volumetric heating with  

in
W& = 9x106 W/m3, determine: 

 

b) the differential equation that models the  

 temperature of the chip. 

c) the steady state temperature of the chip 

d) how long it takes for the chip to come  

 within 1oC if this temperature. 
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