Problem with Danfoss measured capillary massflows and HEX volume measured massflows

Capillaries

Measured by Danfoss, T in Danfoss = 10 to 11.5C

Pressure in Danfoss = 13bara
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 measured for lengths 3.44 to 2.72 and massflows from 2.02 to 2.292
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 measured for lengths 3.44 to 2.65 and massflows from 2.017 to 2.293

Used N6 in the set-up length = 2.65m and massflow = 2.293g/s

0.68
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 measured for lengths 3.44 to 3.1 and massflows from 1.626 to 1.77
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 measured for lengths 3.2 to 3.1 and massflows from 1.64 to 1.735

Another 2 capillaries were under test with fits given by
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 measured for lengths 3.4 to 2.92 and massflows from 1.53 to 1.655
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 measured for lengths 3.2 to 2.97 and massflows from 1.56 to 1.615

N7 and N8 used

N7 = 1.77g/s

N8 = 1.735g/s

Now when run together they should give a massflow of 5.798g/s when the pressure is 13bara and the TlbCAP = -7C

If the TlbCAP is less than -7C the massflow will increase

When placed in the HEX system and run the massflows recorded with the Danfoss and the Volume meters were quite different. The HEX was not able to take full detector power. Therefore the massflow must be increased.

With HEX:

Danfoss = 5.99

Volume = 5.33

Danfoss = 12% high

T in Danfoss = 14.4C

P in Danfoss = 14bara

Power on det = 0%

TlbHEX = 24C

TlbCAP = -17C

Pressure = 12.95

Pevap = 1.76

With HEX and some power:

Danfoss = 5.8

Volume = 5.33

Danfoss = 9% high

T in Danfoss = 14.95C

P in Danfoss ( 14bara

Power on det = 100%

TlbHEX = 26C

TlbCAP = -9.7C

Pressure = 12.98

Pevap = 1.7

With no power the temp before the capillary is significantly lower and the pressure is the same, therefore the massflow should be higher than measured in the capillary set-up. This would imply that there is a problem!

1: there is a difference in the danfoss measured massflow on caps and in set-up

2: large diff in danfoss and volume meter

Could the difference be due to the 3 capillaries being together in the set-up and measured individually in the capillary set-up? Don’t think so but could check in cap set-up – 1 days work!

Could Danfoss be reading too high in the capillary set-up and volume is correct. Should add a pressure sensor and take a real average of pressure here to get better value from volume meter. But don’t believe that the volume meter pressure measurements are that wrong. Note that the massflow in the two HEX cases, with and without power, is not significantly different for the Volume measurements but the TlbCAP is! Should add pressure sensors and double check volume measurements.

Is the difference in Danfoss from truth is less in cap set-up than in HEX set-up as T is lower? This is the expected result as the Danfoss should be more accurate with lower temperatures. No way of really checking.

Difference in Danfoss is order 10%. Need to reduce capillary length by this amount.

Must repeat volume massflow measurement on the HEX system to be sure of the massflow numbers with a pressure transducer.

Then increase massflow by reducing length of capillaries.

Aim: increase massflow by 9% (using present data)

How: reduce length as according to fits we have.

0.75mm ID capillary
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The fits would appear to be okay so can use the fits to correct for the extra massflow.

Using N6 0.75mm
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 measured for lengths 3.44 to 2.65 and massflows from 2.017 to 2.293

Used N6 in the set-up length = 2.65m and massflow = 2.293g/s

So massflow up to 2.4961g/s (1.09*2.29)

Therefore length down to 2.214m, which means cutting off 0.436m!

For N 

(different fit
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 measured for lengths 3.44 to 2.72 and massflows from 2.02 to 2.292) 

the length would be: l = 2.316m, and massflow at l=2.214m would be 1/1.09*2.5566g/s = 2.3455g/s, to correct to what we think is the real massflow. This is only 2% too much. 

Would appear sensible to not reduce the length too much but should be okay to !

For 0.68mm ID
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Don’t believe the fit for capillary N8 0.68 as the data is very close together and the function is very different from the other capillaries. Even the fit for N7 0.68 is not so nice. From old data of ID=0.65mm, T=-10C, Pinlet=13bara, Pevap=1.7bara with a range in length from 6 to 2m the fit was:


[image: image11.wmf]5304

.

0

5686

.

2

-

´

=

l

massflow


This is closer to the fits found for the samples N10 0.68 and N2 0.68.

If the curve for N2 is shifted up to fit N8 and N7 data at l=3.1m then the fits are:
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so the length to get to a massflow of 1.74*1.09 = 1.8966g/s is:

N8 l = 2.557m

N7 l = 2.663m

If you use the fit for N7 the length is = 2.818m

If you use the fit for N8 the length is = 2.9478m

For N2 l = 2.3671

And for N10 l = 2.0821 (which is very short)

Table 1
	Capillary
	ID, measured
	Length cut
	Massflow
	Massflow and length

	N1, 0.76
	0.743 (0.764)
	3.44
	2.157
	
	

	N6, 0.76
	0.742
	3.44
	2.017
	2.65
	2.293

	N8, 0.76
	0.746
	3.44
	2.02
	2.72
	2.292

	N7, 0.68
	0.693
	3.2 / 3.1
	1.705 / 1.77
	3.1
	1.77

	N8, 0.68
	0.692
	3.2 / 3.1
	1.64 / 1.735
	3.1
	1.735

	N2, 0.68
	0.681
	3.2 / 3.1
	1.58 / 1.6
	
	

	N10, 0.68
	0.689
	3.2 / 3.1
	1.56 / 1.58
	
	


Note: ID of N1 0.76 was measured twice both values are shown. These are massflows measured by Danfoss. Need to correct by 9% to get real massflow!

	Capillary
	Length
	Proposed length
	To cut off

	N6, 0.76
	2.65
	2.214
	0.436

	N7, 0.68
	3.1
	2.663
	0.437

	N8, 0.68
	3.1
	2.557
	0.543


Possible range in capillary length:

0.76

Target massflow for 0.76 is 2.29g/s, which scales to a reading on the Danfoss meter of 2.4961g/s. From the fits the expected capillary lengths are:

	Capillary
	Measured ID (mm)
	Length (m)

	N1 0.76
	0.743 (0.764)
	2.558

	N6 0.76
	0.742 ()
	2.214

	N8 0.76
	0.746 ()
	


Smallest ID measured for 0.76mm ID is 0.731 N11 (0.742 N1). The largest measured is 0.776 N9 (0.764 N9).

0.68

Target massflow for 0.68 is 1.74g/s, which scales to a reading on the Danfoss meter of 1.8966g/s. From the fits the expected capillary lengths are:

	Capillary
	Measured ID (mm)
	Length (m)

	N2 0.68
	0.681
	2.204

	N7 0.68
	0.693
	2.663

	N8 0.68
	0.692
	2.557

	N10 0.68
	0.689
	2.082


Smallest ID measured for 0.68mm ID is 0.681 N2. The largest measured is 0.694 N1.
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