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Problem Statement

* During filling and pressurizing of a
supercritical carbon dioxide (sCO,) test
loop, the dry gas seals on the pump
were opening and venting down the
loop

* This delayed testing and required a
detailed look at what was causing the
dry gas seal faces to open up

* |nitial assumption was the formation
of dry ice in the seal
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Analysis — Fill Procedure l

1) Fill entire loop through single Co Fil Par

control valve from positive ‘z§“§ % /;L

displacement fill pump

2) Pump dry gas seals are = A % A
supplied by pump discharge il rm——
which is equal to fill pressure J o f z h

3) Turn on pump once pressure & —r i
reaches >1200 psi and bring up Q ¥
to speed and head rise Sczump
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Analysis — Fill Procedure
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* Venting would occur around 1200 psi near 80F (Enthalpy = 115.2 Btu/lbm)

* Venting would continue until pressure dropped to around 600 psi and
temperature around 40F once the seal would reseat itself
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Analysis — CO, Phases

* Isenthalpic expansion across an orifice
to atmosphere

* Orifice is the axial seal gap of the dry gas
seal

* When dropping from high pressure to
atmosphere, need to avoid dropping €O, Piise Dlsgtar
into two phase, solid and gas, region

* At enthalpy < 190 Btu/Ibm, this can
occur

Pressure

73 atm

5.11 atm LB e cain
I

e
IIIIIIII

-56.4°C 31.1°C Temperature
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Analysis — Dry Gas Seal Overview

Understand how the dry gas seal operates Secondery Seel

(Buffer Gas Supply)
* Dry gas seal components Seal GasSupply (Primary vort.

1) Rotating ring
2) Stator cart
3) Axial face seal

uuuuuuuuuuu

* Dry gas seal flows
1) Seal gas supply — High pressure

Secondary Seal Leakage
(To Secondary Vent)

2) Seal gas leakage- Atmosphere , Atmosphere
3) SeCOndary seal — Low pressure Seal Gas Flow Into Process (Flow Through Labyrinth)
* Possible dry ice formation in primary vent Courtesy of youtube.com

* Upset pressure balance in the seal
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Solution — Updated Fill Procedure fz

1) Simultaneously fill the main
loop and pump dry gas seals

2) Dry gas seals are supplied with
warm flow through a 50 kW
heater

3) Once pump is turned out and _
builds head, it will supply its J % z

and heat tape / heat guns supply and

vents

own seals Heat tape and /1@ .y
. heat guns at ¥
4) Heat generator from rotation oump DGS
pk
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Solution — DGS Heater

Temperature| Pressure Density Enthalpy Entropy
F psia lbm/ft"3 Btu/lbm Btu/lbm-R
-54 .4 50 0.53 190.0 0.541
-40.5 100 1.07 190.0 0.511
* Dry gas seal supply temperature 278 150 161 190.0 0.495
. . -15.9 200 2.17 190.0 0.484
was monitored at the fill pump = 00 s 0 Cacs
. e . 25.0 400 4.44 190.0 0.458
e This chart shows the minimum 224 500 5.60 190.0 0.451
11 58.2 600 6.77 190.0 0.445
temperature when filling to o oG T o S
ensure no dry ice formations 86.0 800 912 1900 | 0436
98.2 900 10.28 190.0 0.433
109.5 1,000 11.43 190.0 0.429
120.0 1,100 12.56 190.0 0.427
129.7 1,200 13.66 190.0 0.424
138.7 1,300 14.74 190.0 0.422
147.0 1,400 15.79 190.0 0.420
154.8 1,500 16.82 190.0 0.418
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Results

Pump Operating Conditions
* With warm supply flow and extra \
heat from heat guns and heat 1000
tape, dry gas seal vent pressure - v
never got above 5 psi g 2% pump et psia
g 100% ——Pump Exit [psia]
* This indicates no blockage ordry | ¢ = o
ice build up that would lead to 0 —0aSsupplTemp
seal failure 1 a0
* Supply temperature is warmer 0
When pump iS not Spinning 0 10000 ZOOOOTim'iOFSC])O 40000 50000

* Once spinning, seals will
continue to generate heat
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Lessons Learned — CO, Properties

Enthalpy [Btu/lbm] CO2 Density [lbm/ft"3] Thermal Conductivity [Btu/h-ft-F]
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* Important to understand CO, properties when determining required heat input for dry gas seals

* Large changes in required enthalpy, velocities with constant mass flow, and thermal conductivity
of the fluid

* Size heater for nominal conditions but understand that it needs to have enough capacity during
liquid phases
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Lessons Learned — Heat Transfer

* With constant mass flow, more heat Qin = m(hy — hy)
input required at higher pressures

e At 70F, enthalpy is around 190 btu/lbm up N,k
to 700 psi htc = T

* Above 700 psi, enthalpy drops to 100
btu/lbm

* Important to understand nominal and
off design performance of heater to
ensure enough heat input with high Ren — %
density flows b u

N,, = 0.023Rep*/> pr
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Lessons Learned — DGS Heater Placement

1. Main control valve i‘iié | ‘

L h USRI

i maen U

’.":‘EL.E gy |

2. Control valve after heater Rl
3. Dry gas seal heater el

* Account for Joule Thompson Cooling
e Supplying from 3700+ psi to 1200 psi
* Take bulk of pressure drop prior to heater
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Conclusion

* With a cold supply of CO,, dry gas seals will require a heat source

* In the case of a higher temperature compressor, the inlet flow could
by warm enough during operation but still needed for filling and
steady holds

* With interest in Supercritical CO, growing, heater requirements for
dry gas seals are important to consider win determining the thermal
efficiency of a complete cycle

* For a pump with cold flow, a dry gas seal opening up will not always
lead to other component failure, but for a turbine, the failure could
lead to complete failure of the machine
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Questions?
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