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optical sensing technology for enabling accurate measurement of valve motion, particularly in moving valves. The 
experiments also helped in identifying some distinctive features of the dynamics of a single element., mass-damped 
plate valve as well as the multi element Magnum1'M valve. 

EXPERIMENTAL RIG, INSTRUMENT A nON AND EXPERIMENTS 
The measurements were done in natural gas, in a single stage, double acting, VIP compressor, installed in a 

closed loop compressor test rig. All measurements were confmed to the head end of the cylinder. To measure 
suction valve motion, a Philtec model D17O-W fiber optic displacement sensor was installed as shown in Fig. (I) in 
a suction valve seat hole by passing it through the cylinder head. The sensor had a O. I 88-in. diameter stainless stccl 
tip with a 0.17-in. diameter fiber optic bundle. The size of the sensor was a compromise between its sensitivity and 
range, determined by the number and hence the size of the bundle and its light output, and the extent of its 
influence on valve motion caused by local flow distortion due to the presence of the sensor. The tests were 
conducted with both D-R Magnum™ and D-R PF plate valves. For measuring the motion of the moving element 
of the discharge valve, which itself was moving, a specially designed sensor (philtec Model D17I-ETW) with a 
longer tip length and a much larger measurement range (approximately 2 inches) was chosen. It was installed as 
shown in Fig. (I) by passing it through the cylinder head as well as the suction valve. The selection of the location 
was such that the probe passed between adjacent valve elements in the suction valve and was aligned with one of 
the moving elements of the discharge valve. Since the layout of the valve hole geometry is not truly axisymmetric, 
the measurement location was chosen in one of the holes in the middle row in order to make the data as 
representative as possible of the complete valve geometry. Due to the experimental difficulties related to the size of 
the target described in a later section, discharge valve motion measurements were possible only for Magnum TM 

valves. 
A 4 channel Nicolet oscilloscope was used to simultaneously reeord the suction and discharge valve motion 

traces as well as the suction and discharge line pressure traces. The oscilloscope sweep was triggered by a signal 
from an optical encoder, which was synchronized to occur at the top dead center (TOC). Suction valve motion was 
measured in both Magnum™ and PF plate valves at 4 conditions; pressure ratios of 1.5 and 3.0, and speeds of 900 
and 1200 rpm. A P- V card was obtained for all the above cases using a PFM 2000 cycle analyzer. 

The suction and discharge valve sensors were calibrated in situ before and after the experiment. For this 
purpose, a dial gauge was used to measure the distance of the sensor from the target and the sensor was moved 
over its measurement range and the voltage output by the sensor was recorded. The suction and discharge valve 
sensors were finally located at 0.25 ins. and 0.4 ins. respectively from the valve elements in ordcr to keep them 
sufficiently away from the valve elements for minimizing flow interference and also to restrict measurement to the 
maximum linear range ofthe calibration curve. 

MEASUREMENT DIFFICULTIES 
Measurement difficulties can be attributed to a variety of sources. The compressor being ofa Valve-ln-Piston™ 

type. the moving element can not be accessed for measurement by passing the probe through the guard even in the 
case of the discharge valve. This makes noninvasive measurement impossible. Also, in the case ofthe Magnum™ 
valve, the valve elements and hence the passages in the seat feeding them were small which would make flow 
interference unavoidable even for the smallest possible optical sensor which can be employed. This was further 
accentuated by the need for a sensor with a large measurement range (which conflicts with the need for a smaller 
diameter sensor), particularly in the case of the discharge valve, since it was moving. 

Since the valve elements were made out of PEEK, inductive sensors could not be used. The optical sensors 
were found to be sensitive to changes in pressure, gas composition, contamination of the light path by droplets of 
oil or its vapor, the target surface characteristics like - color and texture, and even background light. In fact, 
attempts were made to increase the probe sensitivity by coating the target valve surface with sputtered 
gold/palladium to increase the reflectivity. However, this was found to decrease the signal to noise ratio and the 
natural surface of the PEEK material was found (0 be better. 

Natural gas was used in the experiments. Although calibration was done in situ, it was done in air. It is known 
that the refractive index and the tnmsmittivity of the medium affect light transmission. Since the calibration was 
done in air and not in natural gas., and because the authors expected the optical properties of the medium to depend 
on the gas composition and pressure, experiments were done to estimate the effect of gas composition and pressure 
on the sensitivity of the probe. A simple device was set up to study the effect of composition on the sensitivity of 
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