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1 SCOPE OF DOCUMENT

The National Institute of Standards and Technology (NIST) maintains a web based set of gas tables
that is useful in doing accumulator sizing by hand. Some tips for using those tables are contained in
this document. Note, that this document is not intended to substitute for API Specification 16D and the
complete 16D calculation sequence is not shown. What is contained here is the process for using the
NIST webbook tables to get the real gas data necessary to do Method B and Method C sizing
calculations. Refer to the examples at the end of the API 16D specification for an illustration of the
whole process.

2 FINDING THE SITE

Three methods are presented. The "really long way" and the "step by step" method are presented in
the hope that they will remain close to the truth if NIST rearranges the webbook. As long as it does not
change, "Going straight there" is much quicker. Who knows what will happen in the future. If the
steps below do not work, Google may be your only answer.

2.1 Going straight there
Using your web browser, bring up  http://webbook.nist.gov/chemistry/fluid/

2.2 The really long way
It is not so much long, as unclear. NIST makes the web book difficult to find from their main page.
1) Using your web browser, bring up www.nist.gov

2) In the pull-down list labelled "Visit the Laboratories' web sites:" select "Chemistry Science and Technology"
3) In the left column under "Selected Projects” choose Chemistry Web Book

4) Near the bottom of that page find and click "Thermophysical Properties of fluid Systems".
2.3 Shorter Step by step

1) Using your web browser, bring up http://webbook.nist.gov

2) Near the bottom of the page click the link "Click here to enter the NIST chemistry webbook".

3) Near the bottom of that page find and click "Thermophysical Properties of fluid Systems".
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PARAMETERS TO SELECT

The first screen looks like Figure 1. Here you select the fluid and other parameters relating to units of
measure and how your table is to be structured.

2.4 Fluid Thermophysical Properties of Fluid Systems

Slmp|y SeleCt heliu morn itrogen . Accurate thermephysical properties are available for several fluids. These data include the following:
+ Density + Specific volume

. . C . C
2.5 Units of measure « Entalpy « Earopy
. . + Internal energy + Speed of Sound

Select whatever units of measure suit - Viscosity « Thermal conductivity

s Joule-Thomson coefficient « Surface tension (saturation curve only)

you for Temperature, Pressure and
Density. The Energy units will affect you

Only |f you are IntereSted In SpeCIfIC Please follow the steps below to select the data required.
heats or have a specific unit you like to -
. . . 1. Please select the species of interest:
see for entropy. Velocity, Viscosity and [Mitagen =
Surface tension do not enter into 2. Please choo-se the units you wish to use: :
accumulator calculations and can be | Quantey | : Luits
. d |Temperature ‘f-‘ Eelvin & Celsius O Fahrenheit ¢ Rankine
Ignore . |Pressure ‘f" MPa © bar O amm. O torr ® psia
|Density ‘(‘ moll © moelim3 @ giml O kgim3 © lb-mole/t3 O hm/f3
E O kIlimol © kJfkg © kealimol © Brwlb-mole @ kcallg © Btwlb
2.6 Choose the type of Data Iv‘::jf’ty }(, S e e ek T
If you know the temperature you will be [Viscosity [ € uPa®s © Pa%s O cP © lomifs
jon"|| @& & ol b
at, but not the pressure, then choose [Sufece tension| & i © dyniom © It © toin
"ISOtherma|" If yOU knOW the preSSU re, *Surface tension values are only avalable along the saturation curve.
't'>ut not.tr:e temperature, then choose 3. Choose the desired sype of dara:
|SObar|C . @ Isothermal properties  Saturation properties - temperature increments
0 Isobaric properties Saturation properties -- pressure increments
' Isochonc properties
2_6_1 Isothermal Properties 4. Please select the deswred standard state convention
Default tor fluid =
This will get you properties at a single 5. [ PresstoConinue ]

temperature over a range of pressures. .
Figure 1 - Parameters to enter

2.6.2 Isobaric Properties

This will get you properties at a single pressure over a range of temperatures.

2.7 State Convention

Choose "Default for fluid".

2.8 Continue

Click Continue to select your pressures and temperatures.
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3 ISOXXX PROPERTIES OF XXXX

On this page (see Figure 2) you define the temperatures and pressures your data is to cover for
whatever fluid you selected.

3.1 Temperature and Pressure

Temperature and pressure are pretty clear. One will be a fixed value and the other is a range,
depending on whether you chose isothermal or isobaric data.

3.2 Check to use the Display Applet

If you check the box and your browser supports Java, you will get a colorful table or a plot. If you
uncheck the box, it runs a bit faster but you get only a drab, black and white table. Both selections give
you the same raw data. The examples shown here do not use the Java applet.

3.3 Press for Data
Click to display your data.

Isothermal Properties for Nitrogen

Thiz option will supply data on a constant temperature curve ower the specified pressure
range. Yalues should not extend extend outside the muntmum and masamum values given.
Calculations are lrmted to a mazum of 201 data points; imcrements resulting i a larger
munber of points will be admsted upward to limit the number of points computed.

1. Enter temperature in selected units:

|3|:||:| (Acceptable range: 63 151 to 2000.0 E)
2. Enter pressure range and mcrement m selected units:

P IHDEIEI (run walue: 0.0 peia)

Piga 5000

P e 100

* The mazimum pressure limit is the lowest of the following values:
o 31908305 paia
o The pressure at which a density of 086721 giml 1z reached.
3. Check here f you want to use the display applet (requires Java capable browser) M
4 Fress for Data

Figure 2 - Temperatures and Pressures
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4 THERMAL PROPERTIES TABLE

Whether you choose the Java version or the simple version, you will get a table of properties. The
Java tables let you choose the curves on the plot and the data for each column, whereas the simple
version is fixed. However, both versions let you download a tab delimited file containing the complete
data set for your table. Look above the table under the topic "Other Data Available:".

A portion of the page with the simple table is shown below in Figure 3. If you download a tab delimited
file, the data and labels inside of the double-lined borders is exactly the data you will get in the file.

Standard Feference Data Cinline Chernistry
Data Program Gateway Databases WebBook

Isothermal Properties for Nitrogen

s Flnd Data
o Aumhiary Data
s Beferences
o Additional Information
s Dlotes
s Other Data Available:
o View data with display applet. (requires Java capable browser).
-0 Download data az a tab-delirmted text file.
o Mlain NIST Chemistry WebBook page for this species.
o Fecommended citation for data from this page.
o Flud data for other species

Fluid Data

Isothermal Data for T = 300.00 K

Temperature |Pressure (Density [Volume h];:;;':r] Enthalpy | Eniropy Cy S;Pu;ld T]{:ndme;n Viscosity Tél:ﬂ“ Phase
® | si) |Ggimd) | mlig) | "R | deealie) (calia KD |(calip K (ealig K) | (M| g (wPats) | po

| 20000 30000|0z21872| 45702| 0042063 | 00ss560 12310 012692 031240 42065 00024252 23193 0.032106]supereritical
| 30000/ 31000022497 | 444500043710 0066417 | 12280 018713 03133543341 00079717 | 23434 0038570 [superctitical
| 3000/ 3zo00|023t08|| 432760043462 | nosezzz| 12252 018737 031483437 2z(onovsinz| 23677 0039035 supercritical
|
|

20000 32000023700|| 42179/ 0043217 | 0086154 12224 012750 031365 44007 [00071011|| 23923 0029501 [supereritical

znnn!l zaonnllaaaonl A vsllanaarrlnnsanzzll 107l nverenll narasr laaaasinonsszaall armll nnzoose o armitina

Figure 3 - "Non-Java" properties table.
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5 METHOD B EXAMPLE (APl EXAMPLE 2)

Method B is an isothermal, real gas calculation. In this example, we want to compute the optimal
precharge and the amount of fluid available from the bottle according to API requirements. The
charged condition is 3015 psia and the minimum operating pressure (MOP) is 1015 psia, both at 70°F.

It will use nitrogen for the precharge gas.

5.1 Find Optimal Precharge

The API formulas are written based on densities. An isothermal table with only two values is needed

for the basic input data. A portion of the table is listed in Figure 4.

Isothermal Data for T = 70.000 F

Temperature |Pressure | Density | Volume IE:EM Enthalpy | Enbropy Cv Sgl:

() (psia)  [(hm/3) [(f3/Thm) MI“‘E}I') (kJimol) (Jimol *K) [(J/mol*K) (Jamol K | ¥
| 70000 10150 sozas| oiesos| s7oz7| sasss| 15457 zizme| 32417365
| 70000 30150 140s|oo7iz3s| 4oevs| 7aevs| 143z 21954 37010427

Figure 4 - Method B basic data

From the table in Figure 4, the charged density (P1) is read as 14.038 Ib/ ft* and the MOP density (P-)
is 5.0238 Ib/ ft°>. From these densities, we find the optimum precharge density (po) by the formula:

Po=1/(1.4/ p2—0.4/ p1) or Po=3.997 Ib/ft®
From the table in Figure 4, it is pretty clear that the optimum precharge is something less than

1015 psia. With this in mind, we need to use NIST to look up another isothermal table for pressures

below 1015 psia. Also, in this
case, we need a lot of pressure

Isothermal Data for T = 70.000 F

points, spaced closely together

: Internal Sound | Joule- - || Therm.

) Temperaiure Pres.slue Density | Volume Ene Enthalpy | Entropy Cv Cp 4. Tho Viscosity, Cond. Phas
so that we can look up a point ® | i) G @D R mol) @m0 @m0 @) B [T pars) (o PR
with a density that is close to the [ 70000 60000 29733 033632 s8674] 23008 15947 20098 3109435755 0023526 18352 0027296 [supereritical

[ 70000 ezsoo| 30974 03z:e] 3574 saood| 100 zeaee| 30475 [3svos|ooazss| 13386 0027392 [supereritical

one we want. [ 70000 65000 32214 031043 52474 s3803 15874 20020 3125 [353.40 [ 0023134  13.421|] 0.027429 [supereritical
[ 70000 67500 33453 oz2oev3| ssama| szmoa|  1se30| 20031 31337 [35334[ 0023013 13.456]] 0027586 [supereritical

For thi I ch t [ 70000 o000 3ae0z| 02se3s ss2rd| s3] 15ems|  zta43]  31ais[3s0ze( oozzeat]]  12.402) 0027625 [supereritical
or this purpose, | chose 10 [ 70000 72500 35931 027231 ss174l| szso4| 15773 20154 31499[359.73[ 0022670 18.528)] 0027784 supereritical
make a table from 600 psia to [ | 7o 371ee| 0zeena| ssov4 z2403] 1574z 20163 3057936019 0022498 13364 0027334 [supercritical
. f . [ 70000 77500 38406 026038 57975 22308 15701 20076 31.660[36065 [ 0022327 18,600/ 0.027985 [supereritical

1000 PSIa with p0|nts .every [ 70000 soooo| 3064z 025226 s7e7s| sazes| 15682 20087 30740 [mslaz( 002233 13637 0023087 [supereritical
25 psl. (lf you have ]USt looked [ 7o000| sz500) 4087 0243 s77vel| sau|  1sess|  ziass| 3181936160/ 0021983 12674 0.028189 [supercritical
: ; H [ 70000  &s000| 42113 023746 57677 sao14] 15625 20209 31899 (36200 0021811]] 18712 0028292 [supereritical

up the"data !'n Flgure 4, then J1USt | so000| e7son| 43347 ozsovo| s7svel| sastg|  1sses|  ztawe | 31ev[asass| o0ztean]| 13750/ 0028395 [supeteritical
press Back" in your browser’, [ sooon|  oooon| aasen| zzasz[ svarel| sisz| 1ssm[ zizan| 32057 [3e308| 0021468 18 7ss|| 0028500 [supercritical
and modlfy the pressure range ) [ 7oo00| ozsoo| 4ss1z] o2iszs] 3730 sa7ael 13545 21241 3213636339 0021206 13327 0023604 [supereritical
. . R [ 70000 95000 47043 021257 57282 sie32]  15520] 20251 3221436410 0021124  13:366]] 0.023710 [supereritical
This y|e|d3 the table shown in [ 70000 o7500| 48273 o207t s7iz4| 81537 15495 210262 32203 (36463 [ 0020053 13905 0028815 [supereritical
[ 70000 wooo| 430t c20am|] swoes| siasd|  1sam| zt273] 33370355 o207t 12944 0022021 [supereritical

Figure 5.

From this table, you can see

Figure 5 - Finding Method B precharge pressure.

' Be careful when using Back. If you back up to the screen where the liquid and units of measure are chosen, it
will default back to water. Check all fields and selections before proceeding.
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that the required density occurs somewhere between 800 psia and 825 psia. For a more accurate
answer, you can use linear interpolation or you can simply look up another table having values every
1 psi from 826 psia to 824 psia. Either method leads to an optimum precharge pressure of 807 psia.

5.2 Checking the High Temperature Condition

In the case of this accumulator, it is unlikely that a high temperature will overpressure the bottle. But,
to illustrate the technique, assume that the accumulator may get as hot as 120°F. What would the
precharge pressure rise to?

The density in the empty accumulator will not change due to a temperature change. In the API
Example 2, they decided to precharge at 1015 psia instead of the optimum 807 psia, so the precharge
density is 5.024 Ib/ ft* as shown above. Therefore, you need to find the pressure required to get a
density of 5.024 Ib/ ft> at 120°F. To do this, you make a table like the one in Figure 5, but for 120°F
instead of 70°F. The procedure is similar to the one outlined in the previous section. | will cheat a bit,
since | already know the answer, and make a small table just to illustrate the point.

Isothermal Data for T= 12000 F

Temperature |Pressure | Density | Volume IE:;M Enthalpy|| Entropy Cr Cp Snu:
() (psia)  [(ThmA3) [(f3Thm) Wf:i}lr) (kJimel) [(Jrmel*K) ((Jmel*E) [(Jmol*K) (?:.-‘s

12000 11250 50178| 019920 | £3936 | 20970 | 15650 | 21243 3100|3853
12000 11255| 50200| 019920| 62935 29969 | 15650| 21243 320003857
12000 11360| 50232| 019912 | 43933 | 20067 | 15640 | 313243|  32001)|385%
12000 11265| 50244| 019903 | 62931 29966 | 15649 | 21243| 32002/|3857
12000 1127.0| 50265| 0.19294| 62030 20964| 15648 | 21243  32.003)|3857
12000 1137.5| 50287| 019886 | 632028 | 20063 | 15648 | 21243| 32004385

12000 11280 50309 | 019877 | 62926 29961 | 15647 | 21244|  32006/|385<
tnonll 11ee sl snrnll nosaoll £qoosll e ooan 15647l 2 wal 22 n7llaes .

Figure 6 - Finding high temperature pressure.

From Figure 6 it can be seen that the maximum pressure will be 1026 or 1027 psia.

5.3 Fluid Available

The fluid available from the accumulator is computed by simply using the volumetric efficiency formulas
for Method B and the densities found in the preceding steps. That is well covered in the 16D
examples.

6 METHOD C EXAMPLE (APl EXAMPLE 7)

API Example 7 involves a rapid discharge system located subsea. This must be solved for an
adiabatic discharge according to APl requirements. We also want to compute the optimal precharge.
The charged condition is 7982 psia at 35°F and the minimum operating pressure (MOP) points of
interest are 4842 psia, 5137 psia, and 5963 psia. It will use nitrogen for the precharge gas.

James P. McAdams, PE Page 9 of 12
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6.1 Find Optimal Precharge

In the simple case where there is one actuator to be moved, finding the optimal precharge is relatively
easy. However, for non-API stacks, API requires that the volumetric efficiency be checked for each
step in the stack closure sequence. This means that any of the steps may be the one that actually
determines the size of the accumulator bank, and, therefore, the optimal precharge. Also, due to
cooling of the gas, the pressure of the gas can fall to the sea water head before the accumulator is
empty. Finally, the high absolute pressures encountered subsea can prohibit the use of optimal
precharge pressure because the precharge may exceed the bottle rating at high or even normal
temperatures.

For the reasons stated above, finding an "optimal" precharge by hand for a rapid discharge system can
be complex and tedious and is beyond the scope of this document. However, as far as using the NIST
tables are concerned, dealing with method C only adds the need to consider entropy as well as
density. An adiabatic discharge is one in which the entropy stays constant during the discharge. The
operation of handling a discharge at constant entropy is covered here.

6.2 Adiabatic Discharge

Using the tables to look up a constant entropy discharge is straightforward, but requires some care.
This is because entropy changes much more slowly than pressure. So you have to be very accurate
on the entropy, preferably matching to 5 or 6 significant digits. A 1% error in entropy is a huge error.
You should choose a unit of measure that gives you 5 or 6 significant digits... BTU/Ib°R is not a bad
one.

The starting condition is easy to look up: 7982 psia at 35°F. From the table in Figure 7, the charged
density (p+) is read as 29.147 Ib/ft®> and the entropy as 1.1153 BTU/Ib*R (minus a bit).

Isothermal Daia for T = 35.000 F

Temperature |Pressure | Density | Volume %1:31"1131 Enthalpy | Enbropy Cv Cp S0
(1] (psia) |[(ThmA3) (f2Thm) ey (BiwThm) (BtwThm*R) (BiwThm*R) (BiwThm*R) 5
(BiwThm) (n

35000 79800 29143 (0034314 52332 10304 1.1153 0.19811 033792 |63
35000/ T9E1O| 291450034311 52330 10304 1.1153 0.19211 033792 |83
35000/ 79RO 29.147 (0034309 52328 10304 1.1153 0.19211 033792 |63
35000/  T9830| 29148 |0.034307 52326 10304 1.1152 0.19211 033792 |83

Figure 7 - Entropy of starting condition.

Let's assume that the accumulator will be discharged to 4842 psia. Then the task is to make an
isobaric table at 4842 psia and find a temperature at which the entropy is 1.1153 BTU/Ib*R (minus a
bit). To do this, proceed more or less as follows.

James P. McAdams, PE Page 10 of 12
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The temperature will be cooler than 35°F, and possibly much cooler. So, make an isobaric table
spanning the range —100°F to 35°F in increments of 1°F. This will make a large table (I think NIST
limits the table to 200 points or so). Find the 1°F span that must hold the proper entropy value. The
small section covering the entropy value desired is shown in Figure 8.

Isobaric Data for P = 4842.0 psia

Temperature Pressure | Density || Volume I]'::l::mal Enthalpy | Entropy Cy Cp Sor
13 (@sia) | |(DmA3) (@3 my| CTEY | By M) (Btu/Tm*R) (BtwThm*R) (BtwIhmR) | 5
(BiwThm) (m

| Aannnnll araznl ansarinmraasl wonel s a7sl tnan [ nenasel naerassa
| -4 LU || AL || A LAF | UUAFS LD 40213 GUL.EL3|| L1134 U.17040)) U.30a0 5| Uz
| -24000 | 43420 251150039816 | 45487 81187 1114z 019637 036323 [s0c
| 33000 | 43420 25052|0039917 | 45760| 21550 | 11150 01%630| 036279 50
| 22000 483420 24929 0040017 | 46033 81912 1atss||  odasezz| 036235 506
| 21000 43420 24927 (0040112 | 46305 82275 11167 019615 036192 506
wnonnl . Azl qasedlnnamiell as sl g7 gaall 11175 n1aanT | nzatazllsns

Figure 8 - Discharged, condition 2, first step

It can be seen that the proper temperature is between —23°F and —22°F. You might use linear
interpolation at this point or simply estimate the temperature as —22.5°F. However, another way to do
it is to divide the 1°F range up into 10 or 20 steps, to get the temperature down to the nearest 0.1°F.
The resulting table is shown in Figure 9.

Isobaric Data for P = 4842.0 psia

Temperature |Pressure | Density || Volume hEl]:Zm Enthalpy | Eniropy Cv Cp Ssn
() (psia)  [(Mm/f3) (B3Dm) | - = [(BiwThm) (Biwhm*R) (Bwhm*R) (Biwhm*R) | ™
(Biuw/Thm) (n

| 73000 43420 250520039017 | 45760 81550 | 11150 o930 036279 50
| 72900 483420 250460039927 | 45787 | 81536 | 11151 oasszel| 036275 50
| 222300 43420 250400039937 | 45815 | 81622 titsz|  odsez|  03sz0 (50
| 272700 43420 2503300309047 | 45343 81630 | 11153 019627 036266 [50
| 22600 43420 250270039957 | 45369 | 81695 11153 oa9az7|  03sz6z[50
| 72500 43420 250210039067 | 45806 | 81731 | 11154 01966 036257 50
| 232400 43420 25014|0039977 | 45924| 81767 | 11155 nisezs| 03623350
| -72300| 43420 250080039987 | 45951 | 81804 11156 | 019624 036243 50
| 272300 43420 250020039007 | 45078 | 21840 | 11157 019624 03624450
| 72100 48420 24996 0040007 | 46005 | 21876 1itse|  oasezi| 036240 [50
| 222000 43420 24920 0040017 | 46023 | 81012 titse| odasezz|  03sz3s 50

Figure 9 - Refining the final temperature.

James P. McAdams, PE Page 11 of 12
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If you remember from above, the entropy we want is a little less than 1.1153 but not so low as to round
down to 1.1152. So from the table in Figure 9, | would select a final temperature of —22.7°F and a

density (p2) of 25.033 Ib/ft3.

6.3 Adiabatic Charge

The case of an adiabatic charge is handled similarly to a discharge. The only difference is that the
ending pressure and temperature are higher than the starting temperature and pressure.

6.4 Precharge Revisited

Finding an optimal precharge for the case of a rapid discharge sequence is, as noted above, beyond
the scope of this document. But it deserves some additional comment.

In a sequence, each step represents a required final pressure and a required total functional volume
requirement. For instance at the end of the third step, you have used a total volume equal to the first
three devices and enough pressure must be left to operate the third one.

So, assuming you have chosen a precharge pressure, you can calculate the number of bottles
necessary to function the stack through the first, first followed by second, etc. through the last step.
The bank then must be the largest of those calculated volumes.

But, how do you get the proper precharge? It is found via trial and error. You change the precharge,
resize the bank, and then see if it got bigger or smaller. Then change the precharge again, and again,
until you cannot improve the size of the accumulator bank. This is the optimum precharge.

However, you still need to check to make sure that the accumulators are not over their pressure rating
at the maximum temperature. You must also make sure that the accumulator is still above sea water
head when empty. Otherwise, the precharge has to be adjusted again and the process repeated. An
optimally charged and sized accumulator is not necessarily empty at the end of the last function in the
sequence.

This whole process is greatly aided by a computer to run the optimising steps.
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