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ABSTRACT 
Increasingly, turbomachinery users are setting upper limits on 

coupling enclosure temperatures. This is done either to protect 
personnel, to ensure the proper operating temperature for bear
ing oil that leaks past seals (or is intentionally drained through 
the coupling guard), and/or to ensure coupling instrumentation 
(e.g., torquemeter) temperature limits are not ex�eeded. 

Computer programs and formulas that have previously been 
developed to predict the temperature rise are not necessarily 
accurate in some cases. This is because much of the work is 
based on limited configurations in laboratory experiments. There 
has also been a lack of direct correlation with "real" situations, 
as guards are not normally instrumented for temperature 
measurement. 

Work is presented that has been done on actual applications at 
the Marathon Oil Refinery, and at Elliott Company's facilities, 
and in other field installations to correlate test data with predict
ed temperatures using the existing programs. 
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Moreover, proper guard and coupling designs will be dis
cussed, especially those that prevent the vacuum effect that 
sucks oil past machinery seals. Finally, actual field problems 
and solutions are covered. 

INTRODUCTION 
The need for equipment to operate longer and more reliably is 

a common thrust for both equipment manufacturers and end 
users. An area that many have chosen for improved reliability is 
dry running couplings. Some users are looking to eliminate the 
sludging, wear, and maintenance problems of oil lubricated 
couplings. One refinery that is discussed has chosen to move to 
dry mechanical seals and magnetic bearings in an effort to 
eliminate oil systems entirely. Thus, the need to use a dry 
coupling is a necessity. 

This increasing usage of high speed dry couplings has, how
ever, produced an awareness of windage inside the coupling 
enclosure and the phenomena associated with it: heat genera
tion, air turbulence, and oil leakage past seals. These effects of 
windage have become more evident as many gear couplings are 
replaced with dry couplings, without any major modifications 
made to the existing enclosures. 

GEAR VSDRY 
There are a couple of major factors that influence the windage 

effects of gear vs dry couplings. In general, dry couplings are 
larger in diameter, thereby increasing the amount of heat gener
ated by air shear. Moreover, not only does the oil in gear 
couplings lubricate, but it also acts as a heat transfer fluid, 
keeping the guard and coupling cool in most cases. 

WINDAGE EFFECTS 
For windage effects, a coupling can be modelled as a succes

sion of cylinders with varying diameters. For dry couplings, the 
ratio of the maximum diameter to minimum diameter is larger 
than for a corresponding gear coupling. This is especially true 
for a diaphragm type, but the statement is valid for many disc 
type couplings. As a result, air turbulence due to this disk effect 
is increased. Air is centrifuged from the smaller diameter to the 
larger, like a very inefficient centrifugal compressor, as is 
shown in Figure 1. 

@ il 
r Coupling 
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Figure 1. Disk Effect Inside an Enclosure. Note the distribution 
of positive and negative static pressure due to the disk effect. 

Another consequence is the shear effect as shown in Figure 2, 
where there is a velocity gradient from the long rotating tubular 
sections of the coupling and the stationary guard. This causes air 
shear losses in the form of heat buildup and higher temperatures. 

Guard 

Figure 2. Shear Effect Due to Rotating Coupling Tube. 

VACUUM EFFECTS 
In addition, in certain dry coupling applications, the air turbu

lence at the back of the coupling is particularly troublesome. In 
this area, especially for reduced moment couplings, the disk 
effect is maximized due to a sudden change in diameter of at 
least 2:1 (coupling OD vs shaft diameter). As a result, the 
spinning coupling produces a vacuum at the shaft that can 
"suck" oil past labyrinth seals. The larger coupling diameter has 
a higher surface speed which "centrifuges" the air away from the 
shaft, which although spinning at the same rpm, has a smaller 
surface speed as shown in Figure 3. 

Seal Chamber 

Coupling 

Figure 3. Pressure Distribution Behind a Reduced Moment 
Coupling. 

The increased user awareness of these problems is document
ed by specific requests to incorporate antiwindage, anti vacuum 
features in the designs of the couplings, enclosures, or seals. 
Vacuum Effect Experiments 

Several windage experiments performed in Kopflex's re
search laboratory were dedicated to the study of turbulence and 
pressure distribution in this critical seal area, which is the back 
of the coupling in a reduced moment design. 

The measurements were performed using a reduced moment 
disc coupling assembled on a high speed test dynamometer. The 
pressure values, both static and dynamic components, were 
determined with Pitot tubes inserted in several key locations of 
the enclosure chamber (Figures 4, 5, and 6). 

The main antiwindage feature investigated, shown in Figure 
7, was a baffle placed between the end of the coupling and the 
seal area of the machine. The presence of this plate virtually 
eliminated the effects of the vacuum produced by the rotation of 
the coupling. The distribution of pressure before and after the 
insertion of the baffle is presented in Figure 8. 
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Figure 4. Sketch of Location and Orientation of Pressure Probes. 

Figure 5. Axial Probe Locations. 

Figure 6. Static and Dynamic Probe Orientation. 

The insertion of the baffle creates three zones in the area at the 
back of the coupling, as shown in Figure 9. The kinetic energy 
of the air rotating in the turbulent chamber is dissipated in the 
buffer chamber. As a consequence, the "suction strength" acting 
upon the seal chamber is considerably reduced. Also, the baffle 
represents a natural shield, preventing the turbulent air from 
accessing the area adjacent to the seal. 

Another theory to explain the effect of the baffle considers the 
area (and air velocity) difference between the baffle at the shaft, 
position 1, and at the machine face, position 2, as shown in 
Figure 10. 

Figure 7. Baffle Plate Between End of Coupling and Face of 
Machine. 
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Figure 8. Actual Pressures with and without Enclosure Baffle. 
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Coupling Enclosure Baffle 

Figure 9. Three Zones Behind the Coupling. 

The amount of air that passes through the gap between the 
baffle and the shaft is related to the pressure difference on either 
side of the baffle and the gap area. This gap is set so that the area 
is minimal to reduce air flow. 

Also important is the ratio of area at the shaft gap and the area 
between the baffle and the machine face. The relative velocity of 
air establishes static pressure levels and, since the area at 
position 2 is larger than the area at position 1, the air velocity at 
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Enclosure Baffle 

Coupling 

Figure 10. Pressure Distribution With Baffle in Place. 

position 2 is lower, and the static pressure is higher. This results 
in a higher static pressure immediately outside of the machine 
seal, which minimizes the pressure difference across the seal, 
and reduces the leakage past the seal. 

The successful application of the baffle depends upon estab
lishing two paths for the circulating air stream. A "free" path 
where the air freely travels out along the coupling face, across 
the guard, down the baffle, and across the shaft; and a stagnant 
path where the air travels up the coupling, across the guard, 
down between the baffle and machine, and across the shaft at the 
baffle clearance. 

The second path reduces the velocity of the air, thereby 
increasing the static pressure, and reduces the pressure differ
ence across the seal. The first path continues to provide "free" air 
flow to accommodate the normally large volume of air that the 
rotating coupling would automatically displace. 

For the original tests conducted, the dimensions in the seal 
area were: 

Ll= L2=0.75 in 
A1 = 0.25 in 
A2 = 0.065 in 
It was subsequently found that for the best reduction in 

vacuum, a ratio between the baffle distance from the housing and 
the clearance at the shaft of 10:1 (or L1 : A1) worked well. 

TEMPERATURE PREDICTION 
As far as temperature prediction is concerned, there has been 

little correlation between actual field machinery guard temper
atures and predicted results. Coupling enclosures are not nor
mally instrumented for temperature, so checks are not done 
unless there has been a problem. Even then, many things are 
"fixed" in an effort to quickly solve the problem and get machin
ery back on line, so that the main correction is not always 
evident. 
Windage Programs 

Two methods of computing coupling and enclosure tempera
tures in operation were used to predict the temperatures of 
coupling guards at the Marathon Oil Refinery in Illinois and at 
Elliott Company's test facilities and other field installations. 
The first uses modifications of equations presented at the Four
teenth Turbomachinery Symposium [1]. A computer program 
called "Wind" was written by the coupling manufacturer, using 
these equations. These are mainly empirical and derived from 
R&D testing. 

A second program called "HP Loss" has also been written 
using equations from Mancuso [2]. This computational method 

is based on determining the amount of energy or horsepower that 
is expended churning the air inside an enclosure and is turned 
into heat. From this determination, a prediction of guard and 
coupling temperatures can be made. 

" WIND" Program 

Since the presentation of Calistrat and Munyon's report [1], 
some of the equations in "Wind" used for temperature calcula
tions have been revised to reflect acquired data from actual field 
cases. The following is an updated summary of one of the 
changed formulas, i.e., the one that is used to predict enclosure 
temperatures with air cooling. Note that all dimensions are in 
inches and temperatures in degrees Fahrenheit (Figure 11). 

II Exhaust 
Port 

Figure 11. Inputs For " Wind" Temperature Prediction Pro
gram. 

Coupling Temperature With Air Cooling 

For enclosures with air cooling, the coupling temperature is 
given by the equation: 

Tc = K2 • K3 • K4 · [ S/1000) (K4e/Kl) + (TA + T5)/2 (1) 

where, 
Tc = coupling temperature 
K1 = air shear factor 

= (enclosure mean dia. /max. coupling dia.) 0·27 

K2 = area factor 
= (coupling surface area factor/ 

enclosure surface area) 
K3 = coupling circulation factor 

= (max. coupling dia.jmin. coupling dia.) 0·2 

K4 = (1/1000) · (enclosure surface area/ 
exhaust port area) 

(2) 

(3) 

(4) 

(5) 

and the exponent factor K4• is given by the empirical formula: 

K4e = (1/K4) o
.2

7 
+ 0.65 

S = application speed (rpm) 
T A = ambient temperature 
T s = shaft temperature 

Observations 

(6) 

• The coupling surface area factor (K.) used to determine K2 
can be evaluated with the formula: 



THE BAFFLING AND TEMPERATURE PREDICTION OF COUPLING ENCLOSURES 119 

where, 

N .  
K • •  = I: 

i=1 
d.2.8. t I I 

K.. = coupling surface area factor 
N. = number of coupling cylindrical surfaces 
t;A = length, diameter of cylinder i 

• The enclosure surface area is: 

where, 
A 

e 

N. 
L;,D; 

N. 
A.  = 1t • I: L. D. 

i = 1 
I I 

enclosure surface area 

(sq. in.) 

number of enclosure cylindrical surfaces 
length, diameter of cylinder i 

(7) 

(8) 

The enclosure diameter to be used in Equation (2) is given 
by: 

N .  
Dem = ( I: 

N. 
L) I ( I: (L;fD)) 

i=l i=l 

where, 
D = enclosure mean diameter em 

(9) 

• The maximum value for K4is 0.6 (case of no air flow) while 
a properly designed enclosure will exhibit an air flow factor K4 
= 0.1 to 0.2. Mathematically, the exponent factor K4• must be 
situated in the domain 1.8 (for K4 < .2) to 2.2 (for K4 = 0.6). 

• The use of the "old" equation, where 2.2 was used instead 
of K4., led to temperature predictions which were too high in 
many cases. 

• The exhaust ports area is given by the equation: 

N 
A = (nl4) · f D 2 

cp p1 

i=l 

where, 
A . P = exhaust ports area 
NP = number of exhaust ports 
Dp; 

= diameter of exhaust port i 

"HP LOSS" Program 

(sq. in.) (10) 

This program calculates the temperature rise of a coupling 
guard due to the rotation of the coupling losing energy to the 
surrounding air in the form of heat. The algorithm used is known 
as the horsepower loss method which models the coupling as 
disks and cylindrical sections with specified diameters and 
lengths (Figure 12). Note that the temperature of the air inside 
the guard may tend to be higher than the guard temperature due 
to frictional heating, but the guard temperature is assumed to be 
the air temperature to be conservative. Two types of horsepower 
losses are evaluated in this program. 

Disk windage loss accounts for frictional losses in both ends 
of the guard due to the maximum diameter of the coupling. The 
equation to find disk windage loss for a coupling is 

hp 
lossdisk= rpm 2.85. (11K,) . (SIDw)'flo (11) 

where Dw and K1 are found on the horsepower loss constant 
chart (Table 1) for the proper size of coupling. This equation is 
to be applied to each end of the coupling if disk loss is present. 
If SIDw is greater than 1.0, use SIDw = 1.0. 

Table 1. Typical Horsepower Loss Constant Chart. 

Dw(in.) K X 10 1 0  
1 

6 2,460 

9 372 

12 67.6 

16 19.3 

24 4.76 

Cylinder windage loss accounts for friction losses of cylindri
cal sections of the coupling. The equation to find the amount of 
horsepower loss for each cylindrical section (Figure 12) is 

hp 
loss cylinder

= E 
· 

L · Cr (12) 

where 
E rpm3 

• D/859 • 5.5 · I0-15 (13) 
D. diameter of coupling section (in) 
Lc length of coupling section (in) 
Cr cylinder friction coefficient 
Cr (128 · B + 2.075) I (B · (rpm) · (Dc)2) + 0.0015 (14) 
B (DG- DC) I DC (15) 
DG diameter of guard section (in) 

This is done for each section and all the values of hp 
loss cylinder are 

summed together. 
Total windage loss is determined from the addition of the disk 

hp loss and cylinder hp loss. 

hp 
loss total 

= hp 
loss disk + I; hp 

loss cylinder 
(16) 

Guard 

Figure 12. Inputs For "HP Loss" Temperature Prediction 
Program. 
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To find the assumed temperature of the guard, take the area of 
the guard, A8 (ft2), and divide into the hp loss total, where 

(17) 

From Figure 13 for the total hp I A and the correct ambient 
temperature, T. (°F), find T 1 the asstmed temperature of the 
guard (°F). 1f T 1 > 175°F, use 8the scaling technique below to find 
the actual hp 1Jss and operating temperature of the guard. 

hp
loss total

· 590 I (Tgl + 560) = hp 
loss actual 

(18) 

Again from Figure 13, use hp 
lossactual l A and ambient temper

ature to find the operating temperature of the guard (°F). 

120o Ambient 60'· Ambient 
400 oo Ambient 

!;L 300 
! 
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HP/A0 

Figure 13. Temperature Rise vs HP/Ag. 

COUPLING GUARD SURFACE 
TEMPERATURE MEASUREMENT 

.4 .5 

Coupling guard surface temperatures were measured on a test 
stand during string tests of multistage compressors and steam 
turbines. Measurements were made using a digital thermometer 
with a type K thermocouple surface probe. This instrument has 
an accuracy of one percent. Measurements were also taken at the 
refinery, Cases 4 and 5 below, and at other field installations. 

Readings were taken at various locations on the coupling 
guard surface to determine if the guards exhibited a varying 
temperature distribution or if hot spots were present (Figure 14). 
In general, no significant difference in temperature could be 
observed; the surface temperatures were found to be within plus 
or minus three percent of the mean temperature. This distribu
tion appears to be random, that is, no one point consistently 
exhibited higher or lower temperatures. 

A major contributor to the increase in temperature of the 
coupling and guard is heat transfer from the hot air inside the 
coupling enclosure. This heat is generated from the shearing of 
the air inside the coupling guard and the air turbulence. Both are 
the result of friction between the rotating coupling and the air 
inside the guard [1]. Since the hot gas is in motion with energy 
imparted to it at various points inside the guard, it is reasonable 
to conclude that a temperature distribution would be present. It 
appears that the temperature distribution is a complex function 
of many variables such as speed, coupling and coupling guard 
geometry, and direction of rotation. Since this temperature 
distribution is relatively small and would not have a significant 

Figure 14. Typical Guard. 

effect on the heat transfer from the guard, the analysis of this 
temperature distribution is not included here. 

The measurements were compared with predicted values, 
using the computer programs mentioned before. 

For the "Wind" method, the predicted coupling guard surface 
temperatures are within approximately plus or minus fifteen 
percent of the actual measured values. The data are shown in 
Figure 15 arranged in increasing actual temperature measure
ments. If the highest and lowest temperatures are not considered, 
the errors are within plus or minus ten percent. 

260 Actual 

240 

11.: 220 Wind Calc. 
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Case 

Figure 15. Temperature Comparison Graph. 

Most of the coupling guard temperatures were measured 
during production testing of compressors and turbines while on 
the test stand. An advantage of obtaining additional data during 
production testing is the relative low cost associated with the 
collection of this data. The fact that the main purpose of the test 
is for reasons other than to obtain coupling guard temperatures 
is the major disadvantage. Modifications to the test procedure 
were usually not acceptable. For example, variations in speed to 
examine velocity effects on guard temperature or retesting to 
investigate the causes of inconsistent data would usually not be 
permitted. 

Note also that these results are only valid for the limited 
applications covered here, which in general are ones with more 
or less properly designed guards, i.e., adequate clearance be
tween the coupling outer diameter and the guard inner diameter, 
and at least some air cooling from vents and drains. The coupling 
styles analysed were marine style disc and diaphragm couplings 
and reduced moment disc couplings. No pattern of percentage 
error vs coupling style could be detected from these results. 

In addition, in cases that will be described later, axial baffling 
had been installed to keep the windage down and also to keep the 
vacuum effect and subsequent oil suction past seals into the 
enclosure to a minimum. 
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For the HP Loss method, the prediction tended to be low by 
about 20 to 25 percent, although there were some cases that the 
level of error was much less. This method does not account for 
porting and venting, and the effect of exposed coupling bolting 
is not included. Even so, there are cases (not covered herein) 
where this method can be more accurate, particularly with air 
and oil tight guards, and with enclosures that have less than an 
inch or so diametral clearance with the coupling. It may also be 
the case that there are coupling styles that are more suitable to 
using this method. 

FIELD INSTALLATIONS 
In the field cases below windage problems and their solutions 

are covered. These cases include various drivers, speed ranges, 
and coupling styles. 
Case 1 

Diaphragm Coupling 

Clark Barrel Eight Stage 

Unit Speed-11,200 rpm 

Motor/Gear Driver 

Hydrogen Recycle Compressor 

One of the refinery's early experiences with a "dry" dia
phragm coupling was on a small barrel compressor. This ma
chine was being rerated for a new unit. The turbine driver was 
replaced with a motor/gear, and the compressor internals were 
replaced. Dry running couplings were also installed. 

When the machine was started, an excessive amount of oil 
leakage was noted streaming out of the coupling guard vent. The 
vent eventually was piped through the roof of the building into 
the oily sewer to contain the leakage. The compressor, like most 
critical unspared equipment, could not be shut down without 
bringing the unit down. As in most refineries, this request is a 
death sentence. This was Marathon's early experience with a dry 
coupling.lt was soon discovered that the term "dry" was a very 
loose term, and that the coupling could be considered, in some 
categories, a pretty good pump. One problem not encountered at 
this time was a heat problem, as there was probably enough oil 
to cool the coupling guard. The machines involved were shut 
down for good for other reasons before the problem was solved. 
Case 2 

Diaphragm Coupling 

Unit Speed-6,400 to 6, 700 rpm 

Clark-Split Case 3M-3 and 2M-6 

Turbine Driven 

Wet Gas Service-Cat Cracker 

Refinery 

These machines were rerated in 1988 by installing new rotors, 
diaphragms, dry mechanical seals, and dry couplings. The cou
pling enclosures were modified to accept the new dry diaphragm 
couplings. Instead of a vent, the top half of the coupling enclo
sure was retrofitted with a piece of expanded metal to avoid 
temperature problems. 

The cat cracker was started, and the wet gas compressor was 
put into operation. The expanded metal solved the temperature 
problem, but not the oil. A wet suit was needed to take readings 
on the machine. The oil leakage out of the bearing housing had 
to be contained. 

The major problem was not to contain the oil leak, but who 
was going to tell the Plant Manager of the need to shut down the 

cat cracker to repair an oil leak. As there were no volunteers to 
step forward, a plan was developed to replace the top half of the 
coupling enclosure with the machine operating. The coupling 
enclosure flanges were fitted with vertical guide rods so the top 
half of the enclosure could be removed without damage of 
contact of the rotating coupling. The top half was replaced with 
an enclosed piece that would contain the leakage. The tempera
ture of the guard went up after this fix, but was within acceptable 
limits. 

Case 3 

Diaphragm Coupling 

Unit Speed-5,400 to 6,800 rpm 

38MB Barrel Compressor 

Turbine Driven 

Hydrogen Recycle Service 

This unit was commissioned in 1980. 1t was purchased with a 
diaphragm coupling. The coupling enclosure that was furnished 
with the machine was the style that is open on the bottom. Oil 
leakage had been a problem since the unit had been commis
sioned. Several attempts had been made to stop the leakage or 
slow it down, windback labyrinths and air purge had helped 
some, but had not resolved the problem. 

A new coupling enclosure was finally purchased with hori
zontal (axial) windage baffles, similar to Figure 16, which 
solved the problem. Oil leakage was reduced to acceptable 
levels. 

Coupling 
Enclosure 

\ 
Baffle 

Section " A-A" 

Figure 16. New Enclosure with Axial Baffle. 

Case 4 

Disc Type Coupling 

Unit Speed-10,800 to 12,500 rpm 

29M9-8 Compressor 

Turbine Driven 

Coker Overhead Compressor 

This machine was retrofitted in 1992 to dry mechanical seals, 
magnetic bearings, and a dry coupling. The need for this cou
pling enclosure to stay dry was now more important than before. 
The refinery personnel did not want the oil from the gear box to 
migrate into the magnetic bearing. The coupling enclosure had 
been replaced during the retrofit as the shaft end space had 
changed. The machine was started, and again the presence of oil 
was noted. The horizontal baffles (Figure 16) again solved the 
problem. 
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Note that the predicted temperature (Figure 15, Case 4) was 
accurate only because of the well designed guard. Before the 
addition of the axial baffles, the temperature level was 
unacceptable. 

CaseS 

Disc Type Coupling 

Unit Speed-12,600 rpm 

20MB-8 Compressor 

Motor/Gear Drive 

Hydrogen Recycle Compressor 

This new compressor was commissioned in 1993 with mag
netic bearings, dry seals, and dry couplings. The machine was 
started and run in on air in the field. The unit construction 
schedule had not allowed enough time for a complete train test 
at the factory; this would be the first time that the machine would 
run with its own coupling enclosure. The air run soon revealed 
our old friend; oil was again being pulled out of the gear box. 
Again horizontal baffles proved to be the solution. 

Also, the actual temperature before installation of this baffle 
was over 200°F, due to the coupling churning air and shearing oil 
at high speeds, even though there was plenty of radial clearance 
with the coupling-the guard ID was 15 in and the maximum 
coupling OD was about 7.5 in. One contributor to the problem 
may have been the unshrouded disc packs which were pumping 
air at high velocity. 

In any event, once this windage was controlled with the baffle, 
the temperature (Figure 15, Case 5) and the oil suction were 
reduced to acceptable levels. The temperature prediction was 
then more accurate because of a better guard/coupling design. 

Axial Baffles 

The above five cases were problems experienced at Marathon 
Oil. They all had similar problems-oil leakage and heat. The 
correction of these problems has been a long process. End users, 
like all other people that operate major centrifugal equipment, 
do not have access to the equipment. At first, the problems were 
not understood and it was the symptons that were being repaired. 
Windback labyrinths, air purges, close tolerances, nonmetallic 
materials, and extended vents, etc., were tried. None of these 
offered much success. 

The solution that finally worked in all but the first case was the 
use of axial baffles in the coupling enclosure. The addition of 
baffles in the coupling enclosure in the horizontal plane at 45 
degree positions in the top half has reduced the temperature and 
all but eliminated the oil leakage. These baffles, which extend to 
within 1/2 in of the outer diameter of the couplings, apparently 
stop the circulation of air circumferentially around the guard. 
This increases the static pressure and reduces the negative 
pressure enough to prevent "sucking out" oil from the seals. The 
reduction of air flow also keeps the temperature down. 

Moreover, it has been suspected that huge quantities of oil 
circulating within the enclosure tends to no longer cool the 
enclosure but increases the temperature because of the shearing 
effect in the thick annular circulating ring of oil. If this is true, 
the axial baffles control the temperature by not allowing these 
large amounts of oil to be sucked into the enclosure in the first 
place. 

Case 6 

Diaphragm Coupling 

Unit Speed 4750 to 6400 rpm 

46M 

Turbine Driven 

Charge Gas Compressor-Ethylene 

This equipment is installed in a Texas ethylene facility. The 
diaphragm coupling has an integral torquemeter. The coupling 
enclosure is a "doghouse" type, enclosed on three sides with an 
open bottom. Perforated plate was installed on the bottom for 
personnel protection (Figure 17). From the beginning oil leaked 
from the shaft end seals, due to the vacuum created by the 
rotation of the large diameter diaphragm. The leakage was 
eventually reduced to acceptable levels by the installation of an 
external baffle, similar to the one in Figure 7, located approxi
mately 1/8 in outboard of the seal. The baffle had 0.020 in 
clearance with the rotating shaft. 

Figure 17. "Doghouse" Coupling Enclosure. 

In addition to the oil leak, the coupling temperature during 
operation was too high for the torquemeter's electronic instru
mentation, causing it operate erratically. This problem was 
overcome by drilling holes throughout the surface of the guard 
to allow for more air cooling (Figure 18). The installation of an 
enclosed guard at this point was not feasible due to space 
limitations. The surface area of the guard would not be sufficient 
to permit adequate heat transfer to the surroundings to maintain 
acceptable coupling temperatures. 

Case 7 

Disc Type Coupling 

Unit speed-3960 rpm 

Axial Compressor 

Hot Gas Expander 

Power Recovery Train 

This coupling had an integral torquemeter: The unit ran 
satisfactorily initially. Approximately one year after start up a 
slight amount of oil mist was observed coming out of the 
enclosure breather cap. In an attempt to eliminate this nuisance, 
the operations personnel decided to replace the breather cap with 
a globe valve. The torquemeter failed due to overheating within 
one half hour after closing the valve. 

CONCLUSION 
Before the advent of dry couplings, coupling guards rarely 

presented an operation problem. The lubricated gear type cou-
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Figure 18. Drilling Holes to Correct Windage Problem. 

plings that were in general use were adequately spray lubricated 
with nozzles located within the guard, and the excess oil sprayed 
on the couplings tended to keep them cool. Problems associated 
with the design of the coupling guard became apparent once dry 
couplings came into acceptance. 

Initially, it was believed that in order to allow for proper 
cooling air circulation the guards should be of the open design. 
It soon became apparent that the larger diameters of dry cou
plings tended to act as inefficient centrifugal compressors, and 
would create subatmospheric pressure levels at the smallest 
diameters that are right at the shaft end seal. This condition 
would draw oil out of the bearing housing, which is unacceptable 
with an open guard. Attempts to eliminate this leakage with 
baffles at the shaft end seal, reduced the leakage; however, this 
fix also reduced the air circulation and hot guards sometimes 
resulted. A totally enclosed guard with vents and drains some
times eliminated leakage, but hot guards would usually result 
unless proper thought was given to air circulation within the 
guard. 

Today, designers can draw on the experiences gained during 
the transition from lubricated to dry couplings, and can assure 
that coupling guards are properly designed eliminating misting 
while maintaining reasonable temperatures. With these proper 
guard and coupling designs, relatively accurate temperature 
predictions can be made, and subsequent fine tuning of the guard 
design is possible. 

End users thinking about changing existing gear type cou
plings to dry couplings would be wise to consider the potential 
problems that could develop and to assure that they are properly 
addressed. 
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