
Hair Dryer Lab Exercise Participant Code:
May 5, 2008

1 Apparatus

Figure 1 shows the equipment for this laboratory exercise. The key components are
1. A hand-held, electric hair dryer.
2. Thermocouples (temperature sensors).
3. A data acquisition device (DAQ) for digitizing the thermocouple output.
4. A computer to record the output of the thermocouples

Temperature probes

Heat setting

Fan

Fan setting:

Heater

DAQ

Computer

Figure 1: Apparatus for the hair dryer experiment.
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Figure 2: Simplified schematic of the hair dryer experiment. The dashed line is a control volume
that may be helpful in developing analytical models.

2 Lab Preparation

2.1 Learning Objectives

As a result of completing this exercise students will

• Be able to use the steady flow energy equation to explain the performance of a hair dryer.

• Be able to separate the roles of mass flow rate and heat input in the operation of the hair
dryer.

2.2 The Basic Equations

Figure 2 is a simplified schematic of the hair dryer. A DC-powered fan pulls air from the room and
forces it past AC-powered heating coils. The electrical power dissipated as heat is Ėin = I2R =
V 2

h /R, where I is the current flowing through the heating element, R is the electrical resistance of
the heating element and Vh is the voltage supplied to the heating element.

The following exercises develop the analytical models that describe the behavior of the hair
dryer.

1. Applying the steady flow energy equation to the air flow from the inlet and outlet stations in
Figure 2

Q = ṁcp(Tout − Tin) (1)

where Q is the rate of heat transfer to the air stream, ṁ is the mass flow rate, cp is the specific
heat of air at constant pressure, Tout is the outlet air temperature, and Tin is the temperature
of air entering the hair dryer.

a. Algebraically arrange Equation (1) to obtain a formula for Tout = f(Tin, ṁ, cp, Ėin).

b. If Q and Tin are fixed, how does increasing ṁ affect Tout?
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2. The rate of heat transfer to the air can also be related to the heater temperature by

Q = hAs(Th − Tin) (2)

where h is the heat transfer coefficient between the heating element and the oncoming air
stream, As is the surface area of the heating element, and Th is the temperature of the heating
element.

a. Algebraically rearrange Equation (2) to obtain a formula for Th = f(Tin, h,Q, As).

b. If Q and Tin are fixed, how does increasing ṁ affect Th?

c. If the fan is running when no current is flowing through the heater, the relationship
between Tin and Tout must be

i. Tout = Tin

ii. Tout > Tin

iii. Tout < Tin




