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Abstract. Presented studies covered determination of minor pressure losses and values of minor loss
coefficients for two selected installation valves: water control globe valve and angle valve, both DN 15. The
tested valves were installed on three pipes, including PP 20x3.4 mm, PEX-AI-PEX 16x2.0 mm and Cu
15x1.0 mm. In order to reflect the real operating conditions of the angle valve, the elastic PVC pipe was
used. Our researches were performed on the laboratory installation, for the variable flow rate. The obtained
results of laboratory studies showed the clear dependence between minor pressure loss and minor loss
coefficients of studied valves, and water flow rate (Reynolds number), degree of valves’ closure and, in
some cases, manner of valves installation and material of pipes. The greatest values of minor pressure loss
coefficients, of mean values relevantly statistically grater, were determined for the tested valves installed on

the PEX-AI-PEX pipeline.

1 Introduction

Pressure losses in local resistances in complex domestic
installations like hot and cold water supply or heating,
may cause a significant portion of the total losses (even
40-60%) [1-4]. Therefore, their exact determination is
essential to design the aforementioned installations
properly. Nowadays, calculation of minor pressure losses
based on the withdrawn Polish Standard PN-M-
34034:1976 [5], is additionally complicated by
considerable amount of available materials and possible
ways of connecting them, as well as diversity of fittings
and very close location of the adjacent resistances. For
the above reasons, values of minor pressure losses
calculated basing on the minor loss coefficients
contained in the withdrawn PN-M-34034:1976 [5], are
not equal to the real values, reported in technical and
scientific publications [3,6-14].

Water control globe valve and angle valve belong to
the popular representatives of shutoff fitting widely
assembled on domestic installations made of various
materials. Values of minor loss coefficient suggested by
fittings manufactures and literature reports (including
researches) for control globe valve are within the range
of 6.8 — 10 [5,15-17] while scientific reports showed
values up to 12-20 [18].

Analogically, values of minor loss coefficient for
angle valve, suggested by literature, are in the range of 2
— 7 [5,15,16,19]. Additionally, in calculation of minor
pressure losses on those two tested valves, keeping in
mind the considering resistances generated by couplings
used in valve’s assembly on a various pipe’s materials is
needed. Exemplary values of minor loss coefficients for
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straight pipe connections for various materials vary in
range 0.25-1.8 [20-23]. Information about the method of
taking into account the influence of the distance between
neighboring local resistances on pressure losses are
practically inaccessible for designers.

This work contains the results of studies of minor
pressure losses and minor loss coefficients for variable
degrees of valve closure and different values of flow
rate. Researches were made for two shutoff valves, both
DN 15, with different construction (globe valve and
angle valve), installed on pipes made of three materials:
PP, PEX-AI-PEX and Cu.

2 Materials and methods

Water flow resistance’s researches presented in this
work were performed for two selected installation
valves: water control globe valve and washing machine
shutoff angle valve, both DN 15. The tested valves,
using separable threaded coupler, were installed on three
different pipe’s materials typically used in domestic
installations like hot and cold water supply or heating.
The following pipes were used in our researches:

Polypropylene pipe PP-R, 20x3.4 mm, internal
diameter 13.2 mm, k=0.007 mm, PN20, 1/10 bar,
according to PN-EN ISO 15874-2:2005.

Multilayer, cross-linked polyethylene pipe PEX-Al-
PEX with aluminum insert 16x2 mm, internal diameter
12 mm, k=0.007 mm, maximal operational pressure
60°C/10 bar and 95°C/6 bar, according to DIN 4726.

Copper pipe Cu, temper condition R220, 15x1 mm,
internal diameter 13 mm, k=0.0015 mm, according to
EN 1057.
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Fig. 1. Scheme of laboratory installation: 1 — elastic inflow pipe, 2 — valve, 3, 12, 13, 15 — manometers, 4, 5, 6 7 — valves, 8,9, 10, 11
— rotameter, 14 — elastic pipe, 16 — air removal valve, 17 — PP, PEX-AI-PEX, Cu pipe, 18 — studied valve, 19 — PVC pipe, 20, 21 —
impulse pipe, 22 — electronic differential manometer, 23 — glass, 24 — thermometer, 25 — elastic outflow pipe.

Additionally, in order to provide angle valve’s real
working conditions, elastic polyvinyl chloride pipe PVC
for cold water 25°C with polymer threaded fittings,
internal diameter 10mm, k=0.025 mm was used.

These researches were performed on the laboratory
modular installation presented in Fig. 1. Installation
consisted of measuring part involving set of
interconnected rotameters and interchangeable research
part made up of tested valves and the previously
described pipes.

Tap water with monitored temperature to feed
installation was uptaken from the internal water supply
of the building through the reservoir. Set of rotameters
used for flow rate measurement was consisted of four
rotameters, class 4, measuring range 20 — 200 dm*> h',
60 — 600 dm™ h', 100-1000 dm™ h™" and 60 — 600 dm*
h™'. The rotameters used in the researches were tested by
volumetric tank method.

Differences in pressure for selected sections in front
and behind the tested valves were measured using the
Lutron Electronic electronic differential pressure gauge
(range: 0-20 mH,0O, accuracy: 2%) at distances of 10d
and 60d [10, 12] respectively, according to PN-EN
1267:2012 [24]. Measurement of flow resistances
through the tested valves were performed for variable
degrees of valve opening in the flow rate range of 100 —
1560 dm™ h™' corresponding to Reynolds number in the
range of 2294 — 37202 for globe valve and 100 — 1000
dm™ h', Re=2447-6151 for angle valve. The following
degrees of tested valve opening were used: 100%, 75%,
50% and 25%. Application of varying flow rates for both
tested representatives of shutoff fitting was due to the
difference in the observed minor pressure losses for both
cases and the measuring range of the differential
pressure gauges. All measuring series, for each flow rate,
were performed in at least two repetitions. Determination

of minor loss coefficients for tested valves was based on
the Bernoulli equation transformation, respectively for
each of the calculation schemes. For globe valve:

é,=2g-2Ah_A(ll+lz) 0
v d
For angle valve:
§=2ﬁ Ah—ﬂ— Allili_,_ﬁ_zli‘i 2)
v) 2¢g d 2g “d, 2g

where:

¢ — pressure loss coefficient [-];

Ah — pressure losses read from the differential pressure
gauge [mH,0];

g — gravitational acceleration [m-s?], assumed to be
£=9.81 [m- s7%];

v;,v, — mean velocity of the fluid flowing in the pipe in
front and behind valve, for globe valve v=v,=v, [m" s'];
A;, A, — Darcy-Weisbach friction coefficient, for globe
valve A=A ,=4,[-];

l,,l, — pipes lengths in front and behind valve (from the
valve to the connection point of the differential pressure
gauge) [m];

d,,d, — pipe diameters in front and behind valve, for
globe valve d=d;=d, [m].

Darcy-Weisbach friction coefficients for each
measurement were determined based on the Colebrook-
White equation, based on the Reynolds number (Re), the
absolute pipe roughness (k) and the internal diameter of
the pipe.

Statistical analysis to assess significance of the
observed differences between the average values of
minor loss coefficients for the same degrees of opening
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of valves installed on various pipes materials, were
based on standard statistical procedures: checking the
normal distribution using the Shapiro-Wilk test, then
assessing significance of the differences with Fisher
ANOVA supplemented by Tukey post-hoc tests and
non-parametric Kruskal-Wallis test with multiple
comparisons.

3 Results and discussion

Results of presented researches covered determination of
minor pressure losses and values of minor loss
coefficients in relation to Reynolds number, for tested
valves.

Fig. 2 and Fig. 3 present results of minor pressure
losses measurement in relation to Reynolds number for
two tested valves installed on each of the three used pipe
materials. In both cases, there was a clear correlation
observed between the value of minor pressure losses for
the tested local resistances and change flow geometry
caused by closure of the valves. In all tested cases, a
significant increase in minor pressure losses for a given
Reynolds number was observed with an increase in the
degree of valve closure. For fully open globe valve, the
pressure losses were in the range of 0.03 — 8 mH,0 for
Reynolds number in the range, approx. 2400 — 39000.
Closing the valve to 25% of opening resulted in an
increase in pressure losses to the range of 0.3 — 17
mH,0, for Re=2400 — 38000. Similarly, for the angle
valve, pressure losses increased from the range of 0.1 —
8.9 mH,0 for full valve opening and Re=2500 — 29000
to the range of 2.0 — 19.5 mH,O for 25% of valve
opening, Re=10 000. Additionally, it can be observed at
graphs 4h,=f(Re) presented in Fig. 2 and Fig. 3, that the
highest values of resistances, for each of the degrees of
tested valves opening, occurred in case of installing them
on multilayer pipes PEX-AI-PEX.
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Fig. 2. Scheme of laboratory Minor pressure loss in relation to
Reynolds number and degree of valve opening.

Results of calculations of values of minor loss
coefficients ¢ for tested valves together with fittings are
presented in Fig. 3. The characteristic values for the
individual measurement series are summarized in Tab. 1.
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Fig. 3. Coefficients of minor pressure loss in relation to
Reynolds number and degree of valve opening.

Results of measurement presented in Fig. 3 showed
the dependence between values of minor loss
coefficients for tested values together with fittings and
Reynolds number. Additionally, there is a noticeable
increase in values of coefficients ¢ in relation to degree
of wvalve closure. For the valve installed on
polypropylene pipe with a change in degree of opening
from 100 to 25%, the mean value of coefficient ¢
increased by approx. 70%: from 7.3 to 20.9. On the other
hand, for the valve installed on PEX-AI-PEX and Cu
pipe there was observed increase of 33% (16.2 — 22.8)
and 128% (6.9 — 19.5), respectively. There was also
noted dependence of decreasing values of ¢ =f(Re) for
each of opening degree of tested valves for which
decrease in the determined value was inversely to the
decreased valve opening. In the case of the 25% globe
valve opening, the value of minor loss coefficient
decreased from about 20.9 to 7.3 for the valve installed
on PP pipe, from 22.9 to 16.2 for PEX-AI-PEX pipe and
from 19.5 to 6.85 for Cu pipe, for Reynolds number in
the range of approx. 2500 — 38000. Similarly, a
significant increase in values of minor loss coefficients,
depending on the degree of valve opening/closure, was
observed for the angle valve installed on the tested pipes.
However, both the values of minor loss coefficients and
the increment of these values, due to angle valve’s
construction are considerably higher. In the case of the
valve installed on polypropylene pipe, an increase in
values of ¢ was observed, caused by valve closing from
full opening to 25%, from accordingly 13.6 to 219.3,
which is increase of over 1500%. Similar values were
observed for the angle valve installed on the other two
pipe materials: an increase from 15 to 163.9 (over
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Table 1. Characteristic values of minor pressure loss coefficients for studied valves.
PP PEX/AI/PEX Cu
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Globe valve
100 3.67 6.96 15.83 11.05 13.04 14.17 4.50 4.85 545
75 0.54 6.45 10.86 11.99 13.31 19.69 3.40 5.27 10.04
50 0.54 6.59 10.76 11.11 13.02 1591 4.78 543 6.85
25 7.34 11.81 20.89 16.18 17.30 22.83 6.85 11.08 19.48
Angle valve

100 10.71 13.63 23.25 12.63 14.96 23.32 11.47 13.83 28.27
75 14.08 16.17 24.82 15.00 18.53 40.02 13.80 16.56 29.94
50 41.61 45.11 61.56 42.20 47.86 75.09 42.29 48.40 86.62
25 171.51 219.32 368.97 229.20 263.89 409.12 181.18 208.44 313.87

1660%) and from 13.8 to 208.4 (over 1400%), accordingly
for multilayer PEX-AI-PEX pipe and Cu pipe.

There was also a decrease in ¢ values with increasing
flow rate and Reynolds number in consequence, for a
given degree of valve opening/closure. For example, for
the largest closure (25% valve opening), the value of
coefficient ¢ varied in the following ranges: 369 — 171.5,
409.11- 229.2 and 3139 — 181.2, respectively for the
valve installed on PP, PEX-AI-PEX and Cu pipes.

For both valves, the highest values of minor loss
coefficients for a given degree of valve closure were
observed for valves installed on PEX-AI-PEX pipe using
separable couplers.

The performed statistical analyses showed
significance of the observed differences between the
average values of minor pressure losses and minor loss
coefficients for a given degree of opening of valve
installed on PEX-AI-PEX pipe and the values noted for
the other two tested pipe materials. Additionally,
multiple comparisons and post-hoc tests showed no
statistically significant differences between the mean
values of flow resistances for fittings installed on PP and
Cu pipes. This effect is likely to be explained by
approximate shape of flow geometry resultant from
realization of socket solder and welded joints. However,
in our opinion, this issue requires further researches (e.g.
CFD model studies) for the purpose of assessing the

influence of flow geometry on velocity spatial
distribution and turbulence intensity by the water flow
through the tested valve installed on described pipes
using separable couplers.

4 Summary

Conducted researches of hydraulic resistances generated
by two tested valves installed on three different pipe’s
materials, showed the dependence between the values of
the observed pressure losses and minor loss coefficients
and the degree of valve closure. Additionally, the
influence of the way of installing valve on a given pipe
material on tested flow resistances was observed. Both
tested valves were significantly different in their
construction, so it is understandable that there are
significant differences between the defined minor
pressure losses and minor loss coefficients for the same
degree of valve opening/closure. Defined minor loss
coefficients for the angle valve are few to a dozen times
higher than coefficients for the globe valve.

Additionally, an increase of minor loss coefficient for
angle valve was observed up to dozen times in the event
of changing valve opening from fully open to 25% of
opening.

The above results suggest that the sudden increase of
generated hydraulic resistances, significantly lowering
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the pressure behind the discussed valve, makes this valve
not to be used as a control valve, as it may adversely
affect the operation of domestic appliances connected to
the water supply by the tested valve.

The researches also showed that the installation of
the tested valves using separable couplers directly affects
the value of minor loss coefficients. For each tested
degree of valve opening, the highest values of observed
pressure losses and determined coefficients ¢ were noted
for valves installed on multilayer PEX-AI-PEX pipe.

The determined mean values of minor loss
coefficients for fully open globe valve installed on
polypropylene and copper pipe were similar to the
literature values suggested in the design guidelines. In
the event of valve installation on the multilayer pipe, the
values of coefficient ¢ for the full opening of the globe
valve were higher than the suggested values for design
and belonged to the range known from scientific
publications. The average values of minor loss
coefficient for full opening of the tested angle valve in
each way of its installing on tested materials far
exceeded the literature values.

In our opinion, the design calculations of domestic
installations should take into account not only the
resistances generated by coupler but also the influence of
the resistances located close to each other (set of the
valve and couplers).
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