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water temperature

and power vs frequency test






This report shows the performance of the circulator under matched conditions

and with shorted port 2. The first series of s parameters are made with a network
analyzer at low powers. The water temperature is indicated and the system was

allowed to reach equilibrium at each temperature. Without a heat source other than the

pump, low level measurements were limited to 91 F. The circulator looks to be
tuned at 95 F as specified.

For the shorted test, the short was placed at two positions 1/8 wavelength
apart with similar results for each position. Two tests at 70 F and 85 F input water temp
measured. When power is applied, the frequency response changes dramatically.

There is a clear difference in the input and output water temperature as expected.

The flow is only 4.1 GPM through the circulator.
A test was performed with a pressure difference of 110 psi and only 4.8 GPM was achievable.

Load test was performed with loads on ports 2 & 3. Nominal operating power is
expected to be 65 kW. At powers above 60 kW the best match occurs above 162.5 MHz.
The final test was varying the water temperature set point at the water skid to

tune the best match to 162.5 MHz with loads on ports 2 and 3.



Input Water Temperature =68.6 F
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Input Water Temperature=745F
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Input Water Temperature =80.3 F
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£ E5071C Network Analyzer,

1 Active Ch{Trace
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Input Water Temperature =91 F
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Input Water Temperature = 70 F, short circuit on port 2, amplifier reflected power vs freq
Blue 10 kW, Magenta 20 kW, Yellow 30 kW, markers indicate minimal power and freq

5 Agilent 09:30:25 Oct 22, 2014 . Marker
Mkr3 164.733 MHz
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1 (2) Freq 163.667 MHz 13.81 W B
2 (3) Freq 164.275 MHz 23.35 W
3 (1) Freq 164.733 MHz 34.63 W Off
More
1 of 2

File Operation Status. A:\SCRENO43.GIF file saved




Input Water Temperature = 70 F, short circuit on port 2, amplifier reflected power vs freq
Blue 40 kW, Magenta 50 kW, Yellow 60 kW, markers indicate minimal power and freq.
note at these higher powers, minimum reflected is beyond the amplifier bandwidth (5 MHz)

# Agilent 09:56:18 Oct 22, 2014 . Marker
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More
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File Operation Status. A:\SCRENO44.GIF file saved




Input Water Temperature = 85 F, short circuit on port 2, amplifier reflected power vs freq
Blue 10 kW, Magenta 20 kW, Yellow 30 kW, markers indicate minimal power and freq.
Note there does not appear to be a sharp power minimum.

# Agilent 11:26:52 Oct 22, 2014 . Marker
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File Operation Status. A:\SCRENO46.GIF file saved




Input Water Temperature = 85 F, short circuit on port 2, amplifier reflected power vs freq
Blue 30 kW, Magenta 40 kW, Yellow 50 kW, markers indicate minimal power and freq.

note at these higher powers, minimum reflected is beyond the amplifier bandwidth (5 MHz)
return loss only 10 dB and minimum appears higher in frequency.

s Agilent 13:17:25 Oct 22, 2014 |
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File Operation Status. A:\SCRENO47.GIF file saved




Input Water Temperature = 85 F, red is the difference between input and output water temp
yellow is the forward power out of the amplifier. Water flow is 4.1 GPM. At 60 kW, the
delta T is approximately 6 deg F. The thermal impedance between the water channels

and the ferrite disc requires this lower operating water temperature.

Wed 22-0CT-2814 14:44:21

P:RWLCRT
Hins degF

P:RWRCRT
.Hins deyF

yA
P:RFUDLY

.Hins

-

t44:11 13:88:11 13:32:11 13:56:11 14:28:11 14:44:11
T1 = We 22-0CT-20814 12:44:11 T2 = We 22-0CT-20814 14:44:11




Plot of running conditions for testing the circulator with loads on ports 2 & 3.
Green water temp deg F with one degree resolution, red is radiated power into
the room antenna in dBm, Yellow is the forward power in kW, blue is the transistor
temperatures of one of the amplifier modules in deg C. Trip level is 70 C.
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Tl = Th 23-0CT-26814 12:54:088 T2 = Th 23-0CT-2814 14:13:16




Input Water Temperature = 85 F, blue 20 kW, magenta 30 kW, yellow 40 kW

amp reflected power into a 50 ohm load. Of all the measurements only at 30 kW

is such a pronounce match visible. Tends to be broader at all other powers. Spikes
are generated by the stepping of the signal generator.

w Agilent 13:26:35 Oct 23, 2014
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Input Water Temperature = 85 F, blue 50 kW, magenta 60 kW, yellow 70 kW
amp reflected power into a 50 ohm load.

Center 162.500 MHz
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Marker Trace
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Input Water Temperature = 85 F, yellow 60 kW, blue 70 kW, magenta 75 kW
amp reflected power into a 50 ohm load. (note color scheme different from
previous plots due to operator, i.e.me)

w Agilent 14:14:22 Oct 23, 2014
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Measurement of reflected power as a function of the set point on the water skid
at 65 kW amp power. Blue is 85 F, magenta is 84 F, yellow is 82.5 F and

the sweet spot. This is with only one amp running and the LEBT energized.
As more loads are added, the temperature at the circulators may vary and adjustments made.

w5 Agilent 14:59:32 Oct 23, 2014

Atten 10 dB

5 L
Center 162.500 MHz Span 5 MHz
Res BW 47 kHz VBH 47 kHz Sweep 2.76 ms (601 pts)
Marker Trace X Axis Amplitude
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3 (1) 162.588 MHz 28.62 W




Running at 74 kw (yellow), temperature of transistors in C (blue), radiated power
dBm into room antenna (red), cooling water temperature (green). Abrupt turn off
of power to see time constant, about ten minutes to stabilize transistor temp,

six minutes for the water loop.
Wed 22-0CT-2814 18:18:52

P:RWLCRT
.Hins degF

P:RFAIRW
.Hins dBm

P:RFWDLW
.Hins kW

P:RLS1TH
.Hins C

[~

. ..»M\“]" i\"””Mr] AV

ca
16:83:17 16:86:17 16:89:17 18:12:17 18:15:17 18:18:17
T1 = We 22-0CT-20814 18:83:17 T2 = We 22-0CT-2014 18:18:12




