
Approach
• Design and modify a compressor loop, blending skid 

and separation skid for 20% hydrogen compatibility

• Perform modeling predictions: performance, 
pulsation, leakage, blowdown

• Test equipment: GCs, cameras, low leakage flanges, 
gas detectors, instrumentation

• Test loop characteristics at varying H2% (0-20%) 

• Compare to modeling predictions

• Separation testing

Principal Investigators (PI)
Sarah Simons, Kelsi Katcher      •      Lead Organization: Southwest Research Institute®      •      ssimons@swri.org      •      DOE Award: FE0032344 

Objectives
• Test up to 20% hydrogen in 5% increments in a full 

scale natural gas compressor loop

• Evaluate performance of various components, 
system characteristics, leakage and separation

• Create a best practice guidance document

• Identify key technology gaps in converting to 
hydrogen blends

Full Scale Natural Gas Compressor  
Loop Testing with Blended Hydrogen

Separation System
• SKYRE H2RENEW

• PEM Technology

• >80% H2 Recovery

• 5 cell stacks

Blending Skid
• Hydrogen and Methane/NG

• Coriolis Meters 

• Static Mixer

Compressor System
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1. SEE DRAWING JGT4-REV-000 FOR 
P&DI REVISION DETAILS AND LOGS

2. SEE DRAWING JGT4-PID-000 FOR 
DETAILS OF COMPRESSOR AND MOTOR

3. SEE EQUIPMENT LIST DRAWING JGT4-
EQP-001 FOR ADDITIONAL DETAILS

4. UNLESS SPECIFIED, PIPING GASKETS 
ARE SPIRALWOUND 304SS/graphite

5. OLET CONNECTIONS ARE CLASS 3000 
UNLESS SPECIFIED

6. OLET CONNECTION IS LOCATED AT ¼ 
LENGTH OF THE PIPING RUN FOR 
PULSATION DATA

7.  OLET CONNECTION IS LOCATED AT ½ 
LENGTH OF THE PIPING RUN FOR 
PULSATION DATA

8. WITCHES HAT STRAINER OR SPACER

9. 

10. 
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A106B –  3" Sch40

Stage
1

Stage
2

Stage
4

Stage
3

VS-210

VS-320

A106B - 4" Sch40

A106B – 6" Sch40

A106B – 4" Sch40

A106B – 4" Sch40

A106B – 4" Sch40

A1
06

B 
– 

4"
 S

ch
40

A106B – 3" Sch40

A106B – 6" Sch40

Throttle Valve
1500#

3"

MX-401
2"

1"

Safety
Blowdown

 

Gas Analyzer

1"
3"

Testing
Blowdown

3/8"

2S 8" 150#
1D 8" 150#

2D 6" 600#
3S 6" 600#

3D 4" 600#
4S 4" 600#

4D 3" 1500#
1S 3" 1500#

TT
40

TT
40

DP
40
DP
40

PT
40
PT
40

TT
3S
TT
3S

PT
3S
PT
3S

TT
3D
TT
3D

PT
3D
PT
3D

TT
4S
TT
4S

PT
4S
PT
4S

TT
4D
TT
4D

PT
4D
PT
4D

¾” x 1”
SET @
635 PSI

¾” x 1”
SET @
635 PSI

TT
2D
TT
2D

PT
2D
PT
2D

TT
2S
TT
2S

PT
2S
PT
2S

TT
1S
TT
1S

PT
1S
PT
1S

TT
1D
TT
1D

PT
1D
PT
1D

¼”

 

H2 Product
Sample

¼”

 Anode
Exhaust

3/8"

PGPG
PSVPSV PIPI

PTPT
PSVPSV

1” x 2”
SET @
200 PSI

1” x 2”
SET @
200 PSI

¾” x 1”
SET @
635 PSI

¾” x 1”
SET @
635 PSI

¾” x 1”
SET @

1000 PSI

¾” x 1”
SET @

1000 PSI

A106B - 3" Sch401” x 2”
SET @ 
200 PSI

1” x 2”
SET @ 
200 PSI

¼”

DI Water Fill

WATER DRAIN

NATURAL GAS

FL
AR

E 
/ V

E
N

T

NITROGEN

1"

3/8"
SEP. VENT

¼”

DVO
DVO

JGT-4
ARIEL COMPRESSOR
(DWG JGT4-PID-000)

    

    

    

    

VS-430
    VS-310

    

    

    

VS-220

    
    

VS-420

VS-410

    
    

VS-110

A1
06

B 
- 8

" S
ch

40

VS-120

VS-130

    

    

    

VS-330

VS-230

FE

203

FE

203

FE

202

FE

202

FE

201

FE

201

FE

103

FE

103

    

FE

102

FE

102

FE

101

FE

101

FE

301

FE

301

FE

302

FE

302

FE

401

FE

401

FE

403

FE

403

FE

5001

FE

5001

FE

402

FE

402

FE

303

FE

303

    

REG.

1"

5" x 3"

8" x 5"

6"x8"

½”

½”

½”

½”

A106B –  3" Sch40

600#600#

600#

½”1”

6"x8"

½”

4"x6"

½”
½”

4"x6"

600#

300#

150#

150#

300#

300#A106B - 4" Sch40

½”300#

600#

600#

A1
06

B 
– 

3"
 S

ch
40

1"

½"

1" ½”

½” 2" 600#

3" 300#

3" 300#

1"

1"

2"

½”

½”½”

½”

½”

½”

½"

½"

½"

½"
½"

½"

½"

JGT4 COMPRESSOR 
& H2 BLENDING SKID

IC-1

IC-2

IC-3

AC-4

PSV
1D

PSV
1D

PSV
2D

PSV
2D

PSV
3D

PSV
3D

PSV
4D

PSV
4D

PSV
1S

PSV
1S

½"

2"

½"

½”

½”

½”
1 ½"

½"
1 ½"

1 ½"

½”

1 ½"

½”

1 ½"

½”

½”

1 ½"
½”

½”

½”

½”

½”

1 ½"

4" 600#

4" 600#

6" 300#

6" 300#

3" 1500#

3" 1500#

1 ½"

1"

FCV Vent
1"

PT-Dy
4S

PT-Dy
4S

PT-Dy
4D

PT-Dy
4D

PT-Dy
3D

PT-Dy
3D

PT-Dy
3S

PT-Dy
3S

PT-Dy
2D

PT-Dy
2D

PT-Dy
2S

PT-Dy
2S

PT-Dy
1D

PT-Dy
1D

PT-Dy
1S

PT-Dy
1S

PT-Dy
3SP

PT-Dy
3SP

½”
Note 6

½”
Note 7

PT-Dy
4DP1
PT-Dy
4DP1

PT-Dy
4DP2
PT-Dy
4DP2

PT-Dy
2SP

PT-Dy
2SP

A1
06

B 
- 8

" S
ch

40

Note 8

½”

SYS. VENT

SOLSOL

SOLSOL

TETE

1"

  

SOLSOL CVCV FEFE

1"

  

SOLSOL

PIPI

PTPT

1"

  1"

SOLSOL CVCVTETE FEFE

  

SOLSOL

2"

SOLSOLCVCVPTPTTETE

SOLSOL   

½”

½”

PSV
401
PSV
401

  

1"1"

2"
Vent/Flare

SOLSOL

H2
BOTTLE PK

3/8"

¼” N2 Purge

REG.

PSVPSV

Flowmeter

¼” N2 Supply

2" x 1/4"

½”

3"

FEFE

2"

¼”

1”
1 ½”

½”½”

  

  

½”½”

1" x 1/2"

REG. 1"

1" 1"

2"2"

1.5"   

LEGEND
       BLUE = Hydrogen Blending Skid
       PURPLE = Hydrogen Separator Skid
       GREEN = JGT Loop Blowdown
       RED = JGT Loop Modifications

LEGEND
       BLUE = Hydrogen Blending Skid
       PURPLE = Hydrogen Separator Skid
       GREEN = JGT Loop Blowdown
       RED = JGT Loop Modifications

1 DAK 03/07/2024 PROJECT 28363.01 ADDITIONS 

2"4" 2"

¼”

 

Gas Sample

PSVPSV

REG.

Gas Composition 100% NG / 0% H2 95% NG / 5% H2 90% NG / 10% H2 85% NG / 15% H2 80% NG / 20% H2

Mol.Wt. 16.55 15.82 15.09 14.37 13.64

Density (lbm/ft3) 0.1065 0.1018 0.0971 0.0923 0.0876

Sound Speed (ft/s) 1474 1510 1549 1591 1636

Specific Heat at Constant 
Pressure (Btu/lb °F) 0.5291 0.5475 0.5676 0.5898 0.6144

Ratio of Specific Heats 1.3023 1.3059 1.3096 1.3134 1.3174

J-T Coeff. (°F/psi) 0.0502 0.0463 0.0425 0.0388 0.03522

Dynamic Viscosity (lbm/ft-s) 7.773x10-6 7.770x10-6 7.766x10-6 7.761x10-6 7.755x10-6

LHV Mass basis (Btu/lbm) 20742 20939 21154 21392 21655

LHV Volume basis (Btu/ft3) 2200 2123 2047 1970 1894

Gas Composition Test 5: 20% Hydrogen

Compression
Stage

Suction Pressure
(PSI)

Suction Temp
(°F)

Discharge
Pressure (PSI)

Discharge
Temp (°F)

Compressor Flow
(MMSCFD)

Mass Flow
(Ib/hr)

Power Required
(HP)

Stage 1 38.51 100.00 99.45 256.00 3.21 4815 190.60

Stage 2 96.84 120.00 211.06 246.00 3.19 4785 155.80

Stage 3 206.06 120.00 492.91 261.00 3.16 4740 170.60

Stage 4 483.96 120.00 1024.85 248.00 3.14 4710 147.70

Gas Composition Test 4: 15% Hydrogen

Compression
Stage

Suction Pressure
(PSI)

Suction Temp
(°F)

Discharge
Pressure (PSI)

Discharge
Temp (°F)

Compressor Flow
(MMSCFD)

Mass Flow
(Ib/hr)

Power Required
(HP)

Stage 1 38.51 100.00 99.34 254.00 3.21 5072 191.00

Stage 2 96.73 120.00 210.58 245.00 3.19 5040 156.00

Stage 3 205.58 120.00 491.13 260.00 3.16 4993 170.50

Stage 4 482.18 120.00 1024.85 248.00 3.14 4961 148.50

Gas Composition Test 3: 10% Hydrogen

Compression
Stage

Suction Pressure
(PSI)

Suction Temp
(°F)

Discharge
Pressure (PSI)

Discharge
Temp (°F)

Compressor Flow
(MMSCFD)

Mass Flow
(Ib/hr)

Power Required
(HP)

Stage 1 38.51 100.00 99.24 253.00 3.21 5330 191.50

Stage 2 96.62 120.00 210.09 244.00 3.19 5296 156.20

Stage 3 205.09 120.00 489.31 259.00 3.16 5247 170.40

Stage 4 480.35 120.00 1024.85 249.00 3.14 5213 149.20

Gas Composition Test 2: 5% Hydrogen

Compression
Stage

Suction Pressure
(PSI)

Suction Temp
(°F)

Discharge
Pressure (PSI)

Discharge
Temp (°F)

Compressor Flow
(MMSCFD)

Mass Flow
(Ib/hr)

Power Required
(HP)

Stage 1 38.51 100.00 99.13 252.00 3.21 5587 5587

Stage 2 96.52 120.00 209.59 243.00 3.19 5553 5553

Stage 3 204.59 120.00 487.43 258.00 3.16 5500 5500

Stage 4 478.48 120.00 1024.85 249.00 3.14 5466 5466

Gas Composition Test 1: 0% Hydrogen

Compression
Stage

Suction Pressure
(PSI)

Suction Temp
(°F)

Discharge
Pressure (PSI)

Discharge
Temp (°F)

Compressor Flow
(MMSCFD)

Mass Flow
(Ib/hr)

Power Required
(HP)

Stage 1 38.51 100.00 99.02 251.00 3.21 5845 192.50

Stage 2 96.41 120.00 209.07 242.00 3.19 5809 156.60

Stage 3 204.10 120.00 485.50 257.00 3.16 5754 170.10

Stage 4 476.50 120.00 1024.85 250.00 3.14 5718 150.70

Compressor Model Ariel JGT

Driver Power - (HP) 700

Number of Stages 4

Number of Cylinders 4

Operating Speed (rpm) 0-1500

Stage No. 1 2 3 4

Cylinder Bore - (in) 15.75 9.75 7.375 4.625

Clearance HE / CE % 17.0/16.4 14.6/15.5 17.9/20.0 18.7/26.0

Stroke - (in) 4.5

CE Rod Diameter - in 2.00

Initial Blowdown Line Concept


