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10-8 F E  C H E M I C A L  R E V I E W  M A N U A L  

Solution 

The student’s final grade is the weighted arithmetic 
mean of the individual exam scores. 

wiX 
X i 

w = 
wi 

(1)(80%) + (2)(95%) + (2)(72%) + (5)(95%) 
= 

1 + 2 + 2 + 5 
= 88.9% (89%) 

The answer is (D). 

Equation 10.16: Geometric Mean 

sample geometric mean = n X1X2X3...Xn 10.16 

corrected for errata 
Date: 2/6/2023 

Description 

The geometric mean of n nonnegative values is defined by 
Eq. 10.16. The geometric mean is the number that, when 
raised to the power of the nth root of the sample size, pro-
duces the same result as the product of all samples. It is 
appropriate to use the geometric mean when the values 
being averaged are used as consecutive multipliers in other 
calculations. For example, the total revenue earned on an 
investment of C earning an effective interest rate of ik in 
year k is calculated as R = C(i1i2i3...ik). The interest rate, i, 
is a multiplicative element. If a $100 investment earns 10% 
in year 1 (resulting in $110 at the end of the year), then the 
$110 earns 30% in year 2 (resulting in $143), and the $143 
earns 50% in year 3 (resulting in $215), the average interest 
earned each year would not be the arithmetic mean of 
(10%+30%+ 
50%)/3=30%. The average would be calculated as a geo-
metric mean (24.66%). 

Example 

What is most nearly the geometric mean of the following 
data set? 

0.820, 1.96, 2.22, 0.190, 1.00 

(A) 0.79 

(B) 0.81 

(C) 0.93 

(D) 0.96 

Solution 

The geometric mean of the data set is 

sample geometric mean = n X1X2X3...Xn 

(0.820)(1.96)(2.22) 
= 5 

×(0.190)(1.00) 

= 0.925 (0.93) 

The answer is (C). 

corrected for errata 
Date: 2/6/2023 

Equation 10.17: Root-Mean-Square 

sample root-mean- = (1/n) X 2 

square value i 10.17 

Description 

The root-mean-square (rms) value of a series of observa-
tions is defined by Eq. 10.17. The variable X rms is often 
used to represent the rms value. 

Example 

The water level on a tank in a chemical plant is meas-
ured every six hours. The tank has a depth of 6 m. The 
water levels on the tank on a certain day were found to 
be 2.5 m, 4.2 m, 5.6 m, and 3.3 m. What is most nearly 
the root-mean-square value of water level for that day? 

(A) 2.0 m 

(B) 3.3 m 

(C) 4.1 m 

(D) 5.8 m 

Solution 

Use Eq. 10.17 to find the root-mean-square value of 
water level for the day. 

X 2 
rms = (1/n) Xi 

1 (2.5 m)2 + (4.2 m)2 

= 
4 +(5.6 m)2 + (3.3 m)2 

= 4.07 m (4.1 m) 

The answer is (C).
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26-10 F E  C H E M I C A L  R E V I E W  M A N U A L  

Description 

The Sieder-Tate equation (also known as Sieder-Tate cor-
relation), Eq. 26.18, predicts the average film coefficient 
along the entire length of laminar flow. In Eq. 26.18, µb is 
the absolute viscosity of the fluid at the bulk temperature, 
and µs is the absolute viscosity of the fluid at the tube’s 
surface (wall) temperature. All of the other fluid proper-
ties are evaluated at the bulk temperature. 

Example 

A fluid flows through a 0.30 m diameter circular tube 
2.1 m in length. The following properties have been 
calculated. 

ReD = 2100 

Pr = 0.71 
µb = 850 kg/s m 

µs = 860 kg/s m 

What is most nearly the Nusselt number? 

(A) 11 

(B) 56 

(C) 460 

(D) 890 

Solution 

Since the Reynolds number is less than 2300, flow is 
laminar. Use Eq. 26.18 to calculate the Nusselt number. 

1/3 

0 
Re Pr µ .14 

NuD = D b 1.86 
L µs 
D 

1/3 kg 0.14 

850(2100)(0.71) s m= (1.86) 
2.1 m kg 

860 
0.30 m s m 

= 11 

The answer is (A). 

Equation 26.19: Turbulent Flow Inside 
Straight Tubes 

1 µ 0.14 
b NuD = 0.027Re0.8

D Pr /3

µs 
26.19 

Description 

If there is a large change in viscosity during the heat 
transfer process, as there would be with oils and other 
viscous fluids heated in a long tube, the Sieder-Tate 
equation for turbulent flow, Eq. 26.19, should be used 
instead of the Nusselt equation. Equation 26.19 can be 
used with both the case of uniform surface temperature 
and the case of uniform heat flux but is limited to 
ReD > 10000 and Pr> 0.7.23 

23Although the NCEES Handbook specifies a lower limit for the Prandtl number, it does not specify an upper limit. The upper limit is reported by 
various researchers as 700, 16 700, and 17 000. 

All fluid properties in Eq. 26.19 are evaluated at the 
bulk temperature, except for µs, which is evaluated at 
the surface temperature. 

Example 

A fluid flows through a long circular tube with uniform 
surface temperature. The following properties have been 
calculated. 

ReD = 2.2 × 104 

Pr = 0.75 
µb = 840 kg/s m 

µs = 850 kg/s m 

What is most nearly the Nusselt number? 

(A) 53 

(B) 73 

(C) 320 

(D) 1500 

Solution 

Since the Reynolds number is greater than 10 000, and 
the Prandtl number is greater than 0.7, Eq. 26.19 may 
be used. The Nusselt number is 

µ 0.14 

Nu = 0.027Re0.8 Pr1/3 b 
D D µs 

kg 0.14 

840 
.8 s m= (0.027)(2.2 × 104 0 

) (0.75)1/3 

kg 
850 

s m 
= 73 

The answer is (B). 

corrected for errata
Date: 2/6/2023
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42-5E N G I N E E R I N G  M A T E R I A L S  

Variation 

P + F = C + 1|
constant pressure, 
constant temperature, 
or constant composition 

Description 

Gibbs’ phase rule defines the relationship between the 
number of phases and compounds in an equilibrium 
mixture. For such an equilibrium mixture to exist, the 
alloy must have been slowly cooled and thermodynamic 
equilibrium must have been achieved along the way. 
At equilibrium, and considering both temperature and 
pressure to be independent variables, Gibbs’ phase rule 
is Eq. 42.3. 
P is the number of phases existing simultaneously; F is 
the number of independent variables, known as degrees 
of freedom; and C is the number of compounds in the 
alloy. Composition, temperature, and pressure are 
examples of degrees of freedom that can be varied. 

corrected for errata 
Date: 2/6/2023

For example, if water is to be stored in a condition 
where three phases (solid, liquid, gas) are present simul-
taneously, then P = 3, C = 1, and F = 0. That is, neither 
pressure nor temperature can be varied. This state cor-
responds to the triple point of water. 
If pressure is constant, then the number of degrees of 
freedom is reduced by one, and Gibbs’ phase rule can be 
rewritten as shown in the variation. 
If Gibbs’ rule predicts F = 0, then an alloy can exist 
with only one composition. 

Example 

A system consisting of an open bucket containing a mix-
ture of ice and water is to be warmed from 0°C to 20°C. 
How many degrees of freedom does the system have? 

(A) 0 

(B) 1 

(C) 2 

(D) 3 

Solution 

Degrees of freedom and the system properties are 
instantaneous values. What is happening and what is 
going to happen to the system are not relevant. Only 
the current, instantaneous equilibrium properties are 
relevant. In this case, the system consists of an open 
bucket containing ice and water, so the number of 

phases is P= 2. The only substance in the system is 
water, so the number of components is C= 1. 

P + F = C + 2 
F = C + 2 P = 1 + 2 2 

= 1 

The answer is (B). 

5. UNIFIED NUMBERING SYSTEM

The Unified Numbering System (UNS) was introduced 
in the mid-1970s to provide a consistent identification of 
metals and alloys for use throughout the world. The 
UNS designation consists of one of seventeen single 
uppercase letter prefixes followed by five digits. Many of 
the letters are suggestive of the family of metals, as 
Table 42.3 indicates. 

6. FERROUSMETALS

Steel and Alloy Steel Grades 
The properties of steel can be adjusted by the addition 
of alloying ingredients. Some steels are basically mix-
tures of iron and carbon. Other steels are produced with 
a variety of ingredients. 
The simplest and most common grades of steel belong to 
the group of carbon steels. Carbon is the primary noniron 
element, although sulfur, phosphorus, and manganese can 
also be present. Carbon steel can be subcategorized into 
plain carbon steel (nonsulfurized carbon steel), free-
machining steel (resulfurized carbon steel), and resulfur-
ized and rephosphorized carbon steel. Plain carbon steel 
is subcategorized into low-carbon steel (less than 0.30% 
carbon), medium-carbon steel (0.30% to 0.70% carbon), 
and high-carbon steel (0.70% to 1.40% carbon). 
Low-carbon steels are used for wire, structural shapes, and 
screw machine parts. Medium-carbon steels are used for 
axles, gears, and similar parts requiring medium to high 
hardness and high strength. High-carbon steels are used for 
drills, cutting tools, and knives. 
Low-alloy steels (containing less than 8.0% total alloying 
ingredients) include the majority of steel alloys but exclude 
the high-chromium content corrosion-resistant (stainless) 
steels. Generally, low-alloy steels will have higher strength 
(e.g., double the yield strength) of plain carbon steel. Struc-
tural steel, high-strength steel, and ultrahigh-strength steel 
are general types of low-alloy steel.1 

1The ultrahigh-strength steels, also known as maraging steels, are very low-carbon (less than 0.03%) steels, with 15–25% nickel and small amounts of 
cobalt, molybdenum, titanium, and aluminum. With precipitation hardening, ultimate tensile strengths up to 2.8 GPa, yield strengths up to 
1.7 GPa, and elongations in excess of 10% are achieved. Maraging steels are used for rocket motor cases, aircraft and missile turbine housings, aircraft 
landing gear, and other applications requiring high strength, low weight, and toughness.

High-alloy steels contain more than 8.0% total alloying 
ingredients. 
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