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%Thermistor Calibration

%Joe Lanska

%2009 06 29

clc;

clear all;

close all;

R_load = .98 *10^6;

V_tot = 20.29;

index = input('Enter the thermistor number (0 for old 5k): ');

[T, V] = getThermistor(index);

%calculate resistance from V

R = zeros(3);

for k=1:3

R(k) = get_R_from_V( V(k), V_tot, R_load );

end

%find parameters for Steinhart-Hart Equation

[a, b] = getParams( R(1), R(3), T(1), T(3) );

disp(['The value of a is ', num2str(a), '.']);

disp([

]num2str
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%semilog

figure;

semilogx(R2,T2, 'r');

hold on;

semilogx(R(1), T(1), 'ko');

semilogx(R(2), T(2), 'ks');

semilogx(R(3), T(3), 'ko');

title('Thermistor Temperature Calibration (semilog)', 'FontSize', 20);

xlabel('Resistance (\Omega)', 'FontSize', 14);

ylabel('Temperature (K)', 'FontSize', 14);

legend('5 k\Omega', 'data', 'check');

grid on;

-2-
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%Joseph Lanska

%2009 06 29

function [ T, V ] = getThermistor( i )

%getThermistor( i )        Returns the calibration temperatures and

%                          voltages for one of the 11 5k thermistors.

%Temperatures are freezing, ambient, and boiling.

%The old 5k thermistor is thermistor #0.

%MatLab array indices start at 1

i=i+1;

T = [0.1 22.3 94.5;

0.1 21.8 95.3;

0.1 21.6 95.2;

0.1 21.5 95.2;

0.1 21.5 95.2;

0.3 21.4 95.1;

0.1 20.9 95.1;

0.1 20.9 95.2;

0.1 20.9 95.2;

0.1 20.9 95.2;

0.1 20.8 95.2];

V = [.2831 .1090 .0112;

.2805 .1095 .0105;

.2808 .1131 .0109;

.2818 .1140 .0111;

.2809 .1135 .0108;

.2808 .1152 .0110;

.2805 .1151 .0108;

.2810 .1164 .0108;

.2806 .1161 .0107;

.2810 .1134 .0103;

.2806 .1156 .0108];

T=T(i,:);

V=V(i,:);

T = T + 273;

end

-1-
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%Joseph Lanska

%2009 06 26

function [ R ] = get_R_from_V ( V, V_tot, R_load )

%RfromV( V, V_tot, R_load )     Computes the resistance R from a voltage

%                               divider circuit.

% V is the voltage across the thermistor

% V_tot is the voltage from the power supply

% R_load is the current-limiting resistor

R = (V / (V_tot - V)) * R_load;

end

-1-
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%Joseph Lanska

%2009 06 26

function [ a, b ] = getParams( R1, R2, T1, T2 )

%getParams( R1, R2, T1, T2 )        Solves the simplified (first order)

%                                   Steinhart-Hart Equation for the 2

%                                   constants a and b.

% The Steinhart-Hart eqn is 1/T = a + b ln(R) + c (ln(R))^3.

% The third term is ignored.

X = [1, log(R1), 1/T1;

1, log(R2), 1/T2];

Y = rref(X);

a=Y(1,3);

b=Y(2,3);

end

-1-
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%Thermistor Temperature

%Joe Lanska

%2009 06 29

clc;

clear all;

close all;

R_load = .980*10^6; %load resistance (ohms)

V_tot = 20.29; %total voltage (V)

index = input('Enter the thermistor number (0 for old 5k): ');

[T, V] = getThermistor(index);

%calculate resistance from V

R = zeros(3);

for k=1:3

R(k) = get_R_from_V ( V(k), V_tot, R_load );

end

%find parameters for Steinhart-Hart Equation

[a, b] = getParams( R(1), R(3), T(1), T(3) );

%__________________________________________________________________________

%calculate Temperature

V_meas = input('Enter the measured voltage: ');

R_meas = get_R_from_V ( V_meas, V_tot, R_load );

T_calc = 1 / ( a + b *log(R_meas));

disp(['The temperature is ', num2str(T_calc-273), ' deg C.']);

-1-
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%Thermistor Variation

%Joe Lanska

%2009 06 26

%compare new 5k thermistors

clc;

clear all;

close all;

%from '2009 06 22 new 5k thermistors.xlsx'

a = [0.9278 0.8992 0.8857 0.9072 0.8987 0.9085 0.9073 0.9144 0.9467 0.9065]*10^(-3);

b = [0.2869 0.2899 0.2912 0.2890 0.2897 0.2890 0.2890 0.2883 0.2849 0.2892]*10^(-3);

avgA = mean(a);

avgB = mean(b);

%define a standard R

T1= 40 + 273;

R = exp( (1/T1 - avgA) / avgB ); %inverse of 1st-order Steinhart-Hart eqn

T = 1 ./ ( a + b * log(R) );

T_avg = 1 / (avgA + avgB *log(R) );

delta_T = T - T_avg;

%plot variations

figure;

plot(delta_T, 'bo-');

title('Variation in Temperature measured by Thermistors', 'FontSize', 20);

xlabel('Thermistor #', 'FontSize', 14);

ylabel('\DeltaT (K)', 'FontSize', 14);

grid on;

-1-
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%Pressure Drop of Air Through Pipes

%Joseph Lanska

%2009 08 04

%assume incompressible flow

%conversion: 1 inch = 0.0254 meters

clc;

clear all;

close all;

%for air

C=120; %K

T0 = 291.15; %K

mu0 = 18.27 * 10^(-6); %Pa*s = N*s/m^2

%estimates

T = 23 + 273; %temperature of air (K)

rho = 1.2; %density of air (kg/m^3)

e = 1.5 * 10^(-6); %pipe roughness (m)

L = 2.5 * .0254; %pipe length(m); 10 inches

D = 4 * .75 * .0254; %internal pipe diameter(m); 4 pipes

D0 = 23.5 * .0254; %plate diameter; 23.5 inches

V0 = 0.2; %velocity of plate (m/s), (5s to drop 1m)

V = V0 * ( D0^2 / D^2 ); %velocity of air through pipe (m/s), 2 feet

display(['The velocity of air through the pipe is ', num2str(V), ' m/s.']);

%Sutherland's Formula (assumes air is ideal gas)

mu = mu0 * ((T0 + C)/(T + C)) * (T/T0)^(3/2);

%Reynold's Number

R = rho * V * D / mu;

display(['R is ', num2str(R)]);

if ( R < 2000 )

display('Laminar flow');

f = 64 / R; %friction factor (only valid for laminar flow)

else

display('Turbulent flow');

display(['The relative roughness of the pipe (e/D) is ', num2str(e/D), ' .']);

%Colebrook equation

%f = solve('1/(sqrt(f)) = -2 * log10(e/D * 1/3.7 + 2.51/(R* sqrt(f)) )', 'f');

f = .02; %from Moody diagram

end

%display(['f is ', num2str(f)]);

%Pressure Drop

%Darcy-Weisbach equation (from the Bernoulli Equation)

dP = f * (L/D) * (rho/2) * V^2; %Pa

dP = dP *14.696 / (101.325 * 10^3); %convert to psi

display(['The pressure drop in the pipe is ', num2str(dP), ' psi.']);

-1-
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%output from 12T pressure gauge (mV)

volts = dP / 0.1934;

display(['The resulting voltage output from the 12T pressure gauge is ', num2str(volts), ' V.']);

D = .1:.01:1;

D = D * 4 * .0254;

dP = .5 * f * rho * L * V0^2 * D0^4 ./ D.^5;

dP = dP *14.696 / (101.325 * 10^3); %convert to psi

% figure();

% D = D/ (4 *.0254);

% semilogy(D, dP, 'bo-');

% grid on;

% xlabel('Pipe Diameter (inches)');

% ylabel('Pressure Drop (psi)');

volts = dP / 0.1934;

figure();

semilogy(D, volts, 'bo-');

grid on;

xlabel('Pipe Diameter (inches)');

ylabel('Voltage 12T (V)');

-2-



Joseph Lanska
August 6, 2009

1. Intake
Model air as an ideal diatomic gas.

p = pamb

T = TC

pV = NkBT = nRT (1)

N =
pV

kBT
=

pambV

kBTC
(2)

2. Heat Exchange

Qwater → Qgas

V = constant

T1 = TC → T2 = TH

P1 = Pamb → P2 = Phigh

Since a diatomic molecule has 5 degrees of freedom, then by the Equipartition
Theorem,

U = 〈E〉 = N
kBT

2
=

5
2
kBT (3)

and the specific heat per molecule is

cV =
(

∂U

∂T

)

V

=
5
2
kB (4)

Q = mc∆T

= N

(
5
2
kB

)
(T2 − T1)

=
(

pambV

kBTC

) (
5
2
kB

)
(TH − TC)

=
5
2
pambV

(
TH − TC

TC

)

constant volume process ⇒ V1 = V2, so by the ideal gas law,

p2 = p1
T2

T1
(5)

1



3. Power Stroke
(reversible) adiabatic process, so

PV γ = constant (6)

TV γ−1 = constant (7)

P γ−1T−γ = constant (8)

P1 = Phigh → P2 = Pamb

V1 → V2, V2 > V1

T1 = TH → T2 = TC

for diatomic gas, γ = 7
5

W =
∫ 2

1

"F · d"l (9)

=
∫ V2

V1

[(P − Pamb) A] dl =
∫ V2

V1

(P − P2) dV (10)

From (6) we have that

P = P1

(
V1

V

)γ

(11)

Eqns (10) and (11) yield

W =
∫ V2

V1

P1

(
V1

V

)γ

dV −
∫ V2

V1

P2dV (12)

= P1V
γ
1

∫ V2

V1

V −γdV − P2 (V2 − V1) (13)

=
P1V

γ
1

1− γ

(
V 1−γ

2 − V 1−γ
1

)
− P2 (V2 − V1) (14)

Using (7), we can rewrite V2 in (14) as

W =
P1V

γ
1

1− γ

(
T2

T1
V 1−γ

1 − V 1−γ
1

)
− P2

((
T2

T1

) 1
1−γ

V1 − V1

)
(15)

=
P1V1

1− γ

(
T2

T1
− 1

)
− P2V1

((
T2

T1

) 1
1−γ

− 1

)
(16)

Using (8), we can rewrite P1 in (16) as

W =

[(
T1

T2

) γ
γ−1

P2

] (
V1

1− γ

) (
T2

T1
− 1

)
− P2V1

((
T2

T1

) 1
1−γ

− 1

)
(17)

= P2V1

[(
T1

T2

) γ
γ−1

(
1

1− γ

) (
T2

T1
− 1

)
−

((
T2

T1

) 1
1−γ

− 1

)]
(18)
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= P2V1

[(
1

1− γ

) ((
T1

T2

) γ
γ−1−1

−
(

T1

T2

) γ
γ−1

)
−

(
T2

T1

) 1
1−γ

+ 1

]
(19)

= P2V1

[(
1

1− γ

) ((
T1

T2

) γ
γ−1−1

−
(

T1

T2

) γ
γ−1

)
−

(
T1

T2

) 1
γ−1

+ 1

]
(20)

= P2V1

[(
1

1− γ
− 1

) (
T1

T2

) 1
γ−1

−
(

1
1− γ

) (
T1

T2

) γ
γ−1

+ 1

]
(21)

= P2V1

[(
γ

1− γ

) (
T1

T2

) 1
γ−1

−
(

1
1− γ

) (
T1

T2

) γ
γ−1

+ 1

]
(22)

At this point, we make the simplifying assumption that

(T1 − T2) << T2, (23)

or equivalently,
T1 = (1 + ε) T2 (24)

for some small ε. Note that ε is by no means infinitesimal: since the expected
range of operation for the heat cycle is from approximately 15◦C to 90◦C, ε is
around 0.26.
The Binomial Theorem,

(x + y)n =
n∑

k=0

n!
(n− k)!k!

xn−kyk, (25)

can be expanded to yield

(1 + ε)n = 1 + nε +
n (n− 1)

2
ε2 + . . . (26)

(
T1

T2

)n

= 1 + n

(
T1

T2
− 1

)
+

n (n− 1)
2

(
T1

T2
− 1

)2

+ . . . (27)

Thus, using a second order binomial expansion, (22) can be simplified to
W ≈W ′, where

W ′ = P2V1

(
γ

1− γ

) 

1 +
1

γ − 1

(
T1

T2
− 1

)
+

1
γ−1

(
1

γ−1 − 1
)

2

(
T1

T2
− 1

)2




− P2V1

(
1

1− γ

) 

1 +
γ

γ − 1

(
T1

T2
− 1

)
+

γ
γ−1

(
γ

γ−1 − 1
)

2

(
T1

T2
− 1

)2




+ P2V1 (1) (28)

W ′ = P2V1

[
γ

1− γ
− 1

1− γ
+ 1

]
(1) (29)

+ P2V1

[
γ

1− γ

(
1

γ − 1

)
− 1

1− γ

(
γ

γ − 1

)] (
T1

T2
− 1

)

+ P2V1



 γ

1− γ




1

γ−1

(
2−γ
γ−1

)

2



− 1
1− γ




γ

γ−1

(
γ

γ−1 − 1
)

2








(

T1

T2
− 1

)2
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Everything but the second order term cancels, leaving

W ′ =
1
2
P2V1

(
1

1− γ

) [
γ

(
1

γ − 1

) (
2− γ

γ − 1

)
−

(
γ

γ − 1

) (
1

γ − 1

)] (
T1

T2
− 1

)2

(30)

W ′ =
1
2
P2V1

(
1

1− γ

) (
1

γ − 1

)2

[γ (2− γ)− γ]
(

T1

T2
− 1

)2

(31)

W ′ =
1
2
P2V1

(
1

1− γ

) (
1

γ − 1

)2

[γ (1− γ)]
(

T1

T2
− 1

)2

(32)

W ′ =
1
2
P2V1

γ

(γ − 1)2

(
T1

T2
− 1

)2

(33)

For γ " 1, the relation in (33) reduces to Dr. Cornell’s result, namely,

W ′ =
5
14

P2V1

(
T1

T2
− 1

)2

=
1
2γ

P2V1

(
T1

T2
− 1

)2

(34)

Since γ = 7
5 = 1.4 for air, this assumption is clearly not valid. However, we

note that the form of both expressions is the same, W ′ = cP2V1

(
T1
T2
− 1

)2
; the

expressions differ only in the constant c. It is interesting to note that Dr.
Cornell avoided the second order terms in the expansion entirely by dividing
by Q to first find the efficiency, η = W

Q . This, combined with the large value of
ε in the expansion, likely accounts for the difference.
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