
When comparing flare-through designs 
to lined hose assemblies with conven-
tionally attached wetted fittings, it is 
shown that flare-through designs offer 
a measure of contamination preven-
tion that is absent in traditional hoses 
with wetted metallic fittings. These 

findings will support the conclusion 
that several commonly used hose de-
signs are inappropriate for biopharma-
ceutical applications. System designers 
are advised to specify hoses which 
eliminate common modes of process 
contamination.

Drainability
Drainability is a feature intuitively 
understood by hose users and system 
designers; however, it is difficult to 
quantify. Its importance lies in the 
necessity of biopharmaceutical pro-
cess systems to be cleaned in place 
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High Purity Hoses in 
Biopharmaceuticals: Drainability
Flexible connections between piping connections, in the form of pressure rated hose assemblies, are 
common elements in organic and protein processing utilities in the biopharmaceutical industry. Pressure 
rated hose assemblies are typically installed around reactor vessels, bioreactors and other equipment placed 
on load cells. Specific applications are also found in chromatography, de-ionized and reverse osmosis 
water purification systems, as well as modular filtration systems. Generally, these hoses are used to make 
connections between two processes where rigid piping is not practical. This three-part series describes 
important risk factors that system designers should take into account when specifying pressure rated hose 
assemblies in biopharmaceutical applications. This first installment specifically examines drainability and the 
related concepts of wetting angle and media affinity, interior smoothness and force to bend.
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without leaving residues. In the com-
mon case where systems are flushed 
with cleaning fluids or steam between 
batches or sequential campaigns, it is 
essential that no fluid remains which 
could potentially contaminate or dilute 
subsequent process streams. Some 
engineers have developed empiri-
cal means of comparing drainability 
performance, which provide simple 
guidance in selecting between multiple 
hose design and material of construc-
tion options. An example of one such 
empirical method is fully described in 
Table A and depicted in Figure A.

When considering the drainability of 
a hose, most users intuitively look at, 
or feel the inside diameter. While this 
means of comparing hoses seems 
valid, we have proven several other 
aspects of the design can be quanti-
fied and may not correlate with this 
perception. The following three factors 
with a significant impact on overall 
drainability are discussed.

• Wetting angle and media affinity
• Interior smoothness
• Force to bend

Wetting angle and media affinity
A key factor that influences drainability 
is the affinity of the interior materials 
of the hose for the media being con-
veyed. The experiment as described 
in Table A has shown that this factor 
is the single most significant variable 
affecting drainability. The wetting angle 
of a liquid is defined as the contact 
angle between a droplet of the liquid 
in thermal equilibrium on a horizontal 
surface, (see Illustration 1).

Media affinity is positively correlated to 
the wetting angle, (that is, the higher 
the wetting angle, the higher the af-
finity). The most common example of 
a low wetting angle is a freshly waxed 
car finish. Water “beads up” on the 
waxed surface, and runs off quickly 
when the car accelerates or deceler-
ates. This same effect is responsible 

for differences in drainability between 
two otherwise similar hoses. The effect 
is magnified as the cohesivity of the 
media increases. Strongly cohesive 
liquids, (those which intrinsically resist 
separation) exhibit a beneficial siphon-
ing effect at very low drain angle. Pro-
cess engineers may exploit this effect 
by matching process media with hose 
materials of construction for which 
those media exhibit low affinity.

Interior smoothness
Interior smoothness cannot be dis-
counted as a factor that can impact 
drainability, but it is important to con-
sider the hose interior in its entirety. 
The liner smoothness alone is mis-
leading. Elevation changes at the hose 
fitting connections can form dams 
which defeat the beneficial effect of 
a very smooth liner. This key area of 
hose fitting interface is also subject to 
change as the hose ages. It is impor-
tant to consider the impact of Steam 
in Place (SIP) and Clean in Place 
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1. Fit the test subject hose with a gasketed joint 
of the type to be used in actual service. The 
intent of the gasketed joint is to ensure that 
the effects of any positive or negative intru-
sion present at the gasket and mating fitting 
as well as radii on the test subject outlet are 
evaluated in the drainability measurements.

2. Carefully weigh the test subject hose and at-
tached gasketed joint, using a calibrated scale 
accurate to 0.01 grams.

3. Hose assemblies are fixtured in such a way 
as to ensure that the body is substantially 
straight. The conceptual depiction in Figure 
A1 provides excellent repeatability and is also 
very efficient for an experienced technician. 
The fixture is equipped with jack screws that 
enable the technician to obtain any desired 
drain angle.

4. Plug the lower end of the gasketed joint on 
the fixtured test hose.

5. Elevate the upper end and fill with desired 
test fluid.

6. Plug the upper end of the fixtured test hose.

7. Replace the fixtured test hose on a clean dry 
level surface, with the lower end projecting 
over the edge of the surface.

8. Using the jack screws, and a calibrated digital 
level accurate to 0.1° adjust the fixture to the 
desired drain angle.

9.  Remove the plug from the lower end of the 
test subject hose. After 10 seconds, remove 
the plug from the upper end. Allow test fluid 
to drain into a bucket for one minute.

10. Without spilling any residual test fluid, care-
fully remove the test subject hose from the 
fixture, and weigh the assembly, including the 
gasketed joint.

11. The weight difference is recorded as the 
undrained residual fluid. At least three repeti-
tions with identical hoses are recommended 
to ensure testing anomalies are revealed. 
The average of all non-anomalous repetitions 
represents the drainability at this angle.

Courtesy of Resistoflex, a business of Crane Co.

TABLE A: A Proposed Empirical Method of Evaluating the Relative Drainability of Hose and Media Combinations
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(CIP) cycles on the interior smooth-
ness. Often, hoses which are initially 
“substantially flush” at this interface, 
(as recommended by the ASME BPE) 
are found to have a significant eleva-
tion change after relatively few thermal 
cycling events.

Measurement of interior smoothness 
is problematic in polymer lined hoses. 
Conventional profilometry utilizes 
a stylus to measure surface peaks 
and valleys on a microscopic scale, 
however, the softness of the polymer 
precludes getting an accurate reading. 
Typical styli will plow through small 
peaks in polymer surfaces rather than 
riding over them. This has the effect 
of under-reporting surface roughness. 
Thus, common anecdotes about dra-
matically reduced surface roughness 
in polymer hose interiors compared to 
stainless steel tubing are suspect. In 
order to properly evaluate the surface 
finish of hose interiors, non-contact 
methods must be employed. Surface 
profile evaluations are possible with 
several types of non-contact method-
ology. Scanning Electron Microscopy 
(SEM), Electron Spectroscopy for 
Chemical Analysis (ESCA) and others 
have been successfully employed. A 
standardized method has not currently 
been agreed upon in the Bioprocess-
ing equipment (BPE) industry. System 
designers are cautioned to maintain 
a skeptical view of surface roughness 
comparisons until a standard method-
ology is developed.

Force to bend
Force to bend is often considered to 
be mainly a consideration in ease 
of installation; however it can have 
a significant effect on drainability. In 
general, the drain angle of flexible 
components in a biopharmaceutical 
application is “set” by the adjoining 
rigid fittings. These are installed to 
a tightly controlled angle, typically 
between 0.6° and 1.2° from horizontal 

and straight hoses are specified at 
the exact length between these rigid 
fittings. The intent of this arrange-
ment is that the hose will describe 
a straight line between the connec-
tions, and thus retain the designed 
drain angle along its length. In actual 
practice, hoses are built with a length 
tolerance, which ultimately confounds 
the designer’s intent. One can easily 
imagine the effects of rigid adjoining 
components on long or short hoses. 
In this scenario, stiffer hoses will bend 
more than more flexible alternatives, 
which are inherently more compliant. 
Bending is directly related to poor 
drainability, as either the upstream or 
downstream end will be disposed at 

an angle other than that intended by 
the designer. With respect to pressure 
rated hose assemblies, force to bend 
is yet another quantity which can be 
evaluated in a number of ways. 

Table B displays comparative Drain-
ability Method experimental results of 
hoses of various constructions rigidly 
fixtured at various angles. Values in the 
table are in grams, and represent the 
amount of residual water left in the 
hose during the experiment.

In summary, the drainability of pres-
sure rated hose assemblies is an 
important aspect of the overall utility 
and stability of the biopharmaceutical 
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Illustration 1  Wetting angle = �  

Illustration 1: Wetting Angle = Θ

EXPERIMENT SETUP

Figure A: Drainability Method

ADJUST DRAIN ANGLE
WITH (4) JACK SCREWS

GASKETED JOINT
ON LOWER END
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production facility. Therefore system 
designers should consider factors 
other than the traditional pressure/
temperature rating of the hoses speci-
fied. Several key factors influence the 
drainability, and by extension, the 
cleanability of the hoses. A proactive 
assessment of these factors will help 
ensure trouble-free operation.

Don’t miss Part Two of this biopharmaceuticals series, ‘High Purity Hoses 
in Biopharmaceuticals: Entrapment,’ which will be featured in our upcoming 
April issue of Hose & Coupling World magazine
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Mass in grams of residual water vs. drain angle for common hose constructions

Table B: Drainability Data

Size Drain Angle

0.6° 1.2° 10°

FEP lined rubber covered 

hose

.5” 2.44 5.66 0.86

.75” 4.05 3.01 0.76

1” 4.04 1.93 1.23

1.5” 5.36 4.63 1.9

2” 9.62 5.65 3.8

PTFE lined, wire braid rein-

forced rubber covered hose

.5” 0.26 3.33 0.65

.75” 2.74 4.08 0.51

1.5” 1.75 4.6 1.56

2” 16.81 6.01 1.42

PTFE lined wire and fabric 

reinforced silicone hose

.5” 0.6 2.43 0.48

.75” 1.19 2.11 0.37

1” 0.52 4.64 0.7

1.5” 7.26 6.17 0.54

2” 8.84 5.86 2.47

Wire reinforced silicone Hose .5” 2.48 2.89 0.98

.75” 7.21 8.29 1.14

1” 5.23 2.95 0.9

1.5” 8.15 6.36 1.22

2” 9.28 4.59 1.62
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