HEAT TRANSFER

Thermal insulation

and pipe stress

An often-overlooked function of
insulation in piping designs is to
mitigate weather effects

L. €. Peny, Peng Engineering, Houston, Texas; and
T. L. Peng, The M. W, Kellogg Co., Houston, Texas

harmal insulation is maiply used to reduce heat

I loss and noise level. It is alse used io prevent

purn injuries. However, a lesser-known vet

Important function of thermal insulation is to reduce
pipe stress.

Trs a petrochemicalfrefinery complex, piping systems
are constantly subjected to the abuses of weather and
environmental changes, Oceasional rain showers, for
instance, can generate very high pipe streszes. Repeated
securrences can eventually lead to pipe faihire. Some
typical situations when a seemingly innocent rain
shower may damage a pipe are discussed. Some field
problems ean actually be solved with a simple appliea-
tion of insulation. Unfortunately, the engineer who
reles only on a computer to design and analyze piping
will miss out on this kind of common sense.

A case history. Fig. 1 shows a piping system used to
transfer a hot gas mixture from the primary reformer
to the secondary reformer in an ammonia fertilizer
plant. The gas mixture was operating at approximately
1,200 and 500 psi. The main portion of the piping
wasg constructed with thick, internal refractory-insu-
lation to reduce the pipe metal temperature to approx-
imately 200°F. This section of the piping is called the
cold-wall portion, in conbirast to the externally insu-
lated hot-wall portion, whose metal temperature 1s
close to the fluid temperature of 1,600°F. Carbon steel
is used for cold-wall piping, and alloy steel is used for
hot-wall piping.

This plant was built in the early 1970s. Most of the
piping was designed using a eold-wall approach due to
economic benefits of using commeon carbon steel mate-
rial and the desire to reduce thermal expansion. Hot-
wall construetion was used only at the piping segments
connecting to the reformers. Four transition joints con-
nected cold-wall pipe to the hot-wall pipe.

After operating without problems for the first 10
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Fig. 1. Ammonia plant reformer piping.
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years, maintenance wag performed on the piping to
repair the refractory and to replace the hot-wall spe-
eial-alloy pipe. Strangely, after this revamp, the miter
elbows al points A and B near the eold-wall/hot-wall
Junctions developed leaking cracks about every four
menths, The revamp contracter was called in to inves-
tigate the problem.

Ag axpacted, their first gtep was to inputb the system
into a computer for a stress analysis. However, all the
compuier indicated was that everything was in good
shape. So the contractor modified some springs based
on the computer analysis. Ironically, the original design
was probably done without the help of a sophisticated
computer program. After spending thousands of dol-
lars replacing the spring hangers, the system s#ill faith-
fully failed about every four moenths. You can bet it was
very frustrating for the plant engineers,

After this exercise, the plant engineers decided to
get help from a large contractor. For unknown reasons,
the original contractor was not called. A large contrac-
tor naturally has a greater depth of engineers. The con-
tractor first performed s series of heat-transfer caleu-
lations to check the cold-wall section’s metal wall
temperature. They understood that a good analysis
needs good data. With the newly caleulated metal wall
temperature, they made a refined stress analysis of
the systern, Again, the computer sald everything was in
gzood order. Nothing could be done, or needed 0 be done.
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Fig, 2. Cold-wall to hot-wall junctions in the &) correct arrangemaent
and b) wrong arrangement.

However, out of professional conscience, or maybe to
justify the fee for their service, they recommended that
all the spring hangers be replaced with constant-effort
springs. Result: the same frequent failure except the
gystem changed inte & pile of twisted spaghelli piping.
The constant-effort spring hangers had a difficult time
holding the system together.

The problem was later solved hy a small modifica-
tion in the insulation arrangement. It all started with
a casual lock at photos and some casual discussions
with the plant engineers. Subsequently, all the origi-
nal spring hangers were reinstalled. The fancy con-
stant-effort spring hangers were removed and destined
to fill the warchouse.

Cold~wali/hot-wall junctions, Joints connecting the
cold-wall pipe and hot-wall pipe reqguire special arrange-
ments in both pipe material and insulation. Just ike a
roof contractor who knows hew to treat a shingle-to-
wall junction, an experienced piping contractor knows
gxactly how the cold-wall to hot-wall junction must be
constructed. A small mistalke in the detail by the roofer
normally resulés in constant roof leakage.

Fig. 2 shows two arrangements of cold-to-hot june-
tions. The twe do not really appear diffarent to the inex-
perisnced eye; however, the congequence tg the differ-
ence bebween {ailure and safety. Fig. 2a shows the
correct arrangement, and Fig. 2b shows the often-used
wrong arrangement, The original system in Fig. 1 was
conztructed with the arrangement shown in Fig, 2a,
yet the drawing somehow had indicated Fig, 2b, Due
to the revamp contractor’s inexperience, the junctions
were constructed ag Fig, 2h, causing constant cracks
of the pipe.

The pictures are not obvious, but once the tempera-
ture profiles are eonstructed using some common sense,
they become very clear. In case Za, the pipe wall tem-
perature decreases gradually from 1,500°F to the design
cold-wall temperature of 200°F. Ensure that the wall
temperature at the dissimilar weld Ioeation is below
500°F to avoid high thermal stress due $o different
expansion rates between carbon steel and high-alloy
steel

Conversely, the temperature in case 2b drops much
faster than in 2a. The foeal point is at the location called
the exposing point. Thiz is the highest femperature poin
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Fig. 3. Thermal bowing effect.

exposed to open air that can be gquenched by a rain
shower, In 2a, the temperature at the exposing point is
about 400°F, whereas in 2b, the temperature at the expos-
ing point is close to 1,500°F. It is clear that a much higher
thermal stress will be generated in case 2h,

Thermal stress. The thermal stress caused by a tem-
perature gradient or discontinuity normalily does not
produce any gross distortion. Therefore, it is often over-
looked. However, if we appraciate how high a stress
can be generalad, we would pay more atlention {o it
The magnitude of the thermal stress can be roughly
estimated by:

S=EaT (1)

where S = thermal stress, psi
¢ = expansion rate, in/in./°F

T =temperature difference, °F

For carbon steel pipe, a 500°F discontinuity will
mean a 103,000-ps1 thermal stress, The stress will be
geven greater for a stainless steel pipe due 1o its higher
expansion rate. This kind of stress greatly exceeds the
safe reference value of twice the vield strength and
should net be ignored. It is difficult to estimate exactly
how much of a temperafure gradient can be generated
by a rain shower, but any local area with a metal tem-
perature of S00°F or higher should be protected,

Showers. In a petrochemicalrefinery complex, some
locations are especially susceptible to rain shower dam-
age:

High-temperature flange connections. The
ASME B31.3 piping code containg a clause that stipu-
lates that the design temperature of uninsulated
flanges, including those on fittings and valves, can use
0% of the fluid temperature (par.301.3.2} Thus, some
high-temperature flanges are purposely designed with-
out insulation covering. Although the situation has
changed since the 19708 energy crisis, many uningu-
lated high-temperature flanges are still in the field.
These can easily develop leaks and cracks after
repeated rain showers. It should be cautioned, how-
ever, that insulating these flanges now might make
them unacceptable to the eode due to a design temper-
ature increase.

Expansion joints. It could be for ease of inspection
or just due to logistical problems in construction, but
many expangion joints are not insnlated. Once it is built
that way, the plant engineers will not change it, even if it
develops ¢racks, They are very often incensed at know-



ing that the simple application of insulation will salve
the problem. They thought that it was something they
had to suffer through due to technological impossibilities
that prevent these jointa from being properly constructed.

High-temperature valves on the cold-wall see-
tion. Due to practicality, valves used in the cold-wall
portion of hot-fluid applications often use hol-wall
design (meaning without internal refractory insula-
flon). These valves are often left uninsulated for the
game reasons as high-temperature flange connections.
Hinsulation is not desirable, then at least some type
of rain shield should be provided.

Thermal bowing. For thermal stresses, we are con-
cerned mainly with the high-temperature areas. These
are the areas that can create high enough thermal
stresses to cause cracks. However, 1n some systems,
even though the temperature {8 not high, another ther-
mal effect may create a different kind of problem. This
18 the lesser-known bowing effect,

For example, assume we have a 16-in. gas line that
15 not insulated and operates at 200°F. During a sum-
mer shower, the pipe’s top may suddenly quench to
100°F while the bottom maintains 200°F. This 100°F
quench on the top produces a shrinkage of 0.00065
in/in. of pipe surface. This shrinkage will bend the pipe
into an arc with a radius of curvature equal to R =
16/0.00065 = 24,615 in. This bowing effect (Fig. 3) can
potentially lift the ends of a 100-ft long pipe up 7 in
Although the actual lift will be greatly reduced by the
pipes weight, its significance cannct be ignored.

Damage caused by thermal howing is often very
ghostly. It normally happens without anvbody actually
seeing it. In the ahove example, when the shower starts,
the ends move up and posgibly tear off some supports or
small connections, However, when the rain stops or
when the temperatures even out, the pipe returns inno-
cently to its initial pesition. 1t leaves the damage with-
oul giving any clue of the cause, =
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